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Class VI UIC Area of Review and Corrective Action 


This submission is for: 


      Project ID:    R06-LA-0002  


      Project Name:    Project Minerva  


      Current Project Phase:    Pre-Injection Prior to Construction  


 


Overview 


Simulator Used for AoR delineation modeling: Other 


Other Simulator: REVEAL 


Version Used: IPM V12.0 Reveal V9.5 


Simulator Description/Documentation: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-PreConstruction/AoRModeling-03-


30-2023-1848/GCS--AoR--CBI--1.pdf 


Description of File Contents: Complete user manual for Reveal V9.5 


Total Simulation Time From Start of Injection: 230 yrs 


Additional AoR Delineation Information: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-PreConstruction/AoRModeling-


03-30-2023-1848/GCS--AoR--CBI--2.pdf 


 


Model Domain 


Coordinate System: State Plane 


      Horizontal Datum: NAD27 


      Coordinate System Units: ft 


      Vertical Datum: Reference Elevation 


      Describe Vertical Datum: NAVD 88 


      Zone: Louisiana South 


      FIPSZONE: 1702   ADSZONE: 4051 


Mesh Type: Hexahedral Curvilinear 


Domain Size in Global Units Specified Above 


      Domain Coordinates File: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-PreConstruction/AoRModeling-03-30-2023-


1848/GCS--AoR--CBI--37.pdf 


Grid Size 


      Number of Nodes in    x: 239   y: 131   z: 52 


Grid Spacing: Variable 


Grid File Format: Eclipse Keyword File 


      Grid File Description: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-PreConstruction/AoRModeling-03-30-2023-


1848/GCS--AoR--CBI--3.pdf 


      Eclipse Keyword File: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-PreConstruction/AoRModeling-03-30-2023-


1848/GCS--AoR--CBI--4.pdf 


Faults Modeled: Yes 


      Fault Coordinates File: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-PreConstruction/AoRModeling-03-30-2023-


1848/GCS--AoR--CBI--5.pdf 


Caprock Modeled: Yes 


Image File(s) for Model Domain Grid: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-PreConstruction/AoRModeling-03-


30-2023-1848/GCS--AoR--CBI--6.pdf 


 


Processes Modeled by Simulator 


Reservoir Conditions: 


Supercritical CO2 Conditions 


Phases Modeled: 


Aqueous   Supercritical CO2 


Aqueous Phase: 


      Phase Compressibility: Compressible 


             Compressibility Value: -999 1/psi 



https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-PreConstruction/AoRModeling-03-30-2023-1848/GCS--AoR--CBI--1.pdf

https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-PreConstruction/AoRModeling-03-30-2023-1848/GCS--AoR--CBI--1.pdf

https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-PreConstruction/AoRModeling-03-30-2023-1848/GCS--AoR--CBI--2.pdf

https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-PreConstruction/AoRModeling-03-30-2023-1848/GCS--AoR--CBI--2.pdf

https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-PreConstruction/AoRModeling-03-30-2023-1848/GCS--AoR--CBI--37.pdf

https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-PreConstruction/AoRModeling-03-30-2023-1848/GCS--AoR--CBI--37.pdf

https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-PreConstruction/AoRModeling-03-30-2023-1848/GCS--AoR--CBI--3.pdf

https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-PreConstruction/AoRModeling-03-30-2023-1848/GCS--AoR--CBI--3.pdf

https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-PreConstruction/AoRModeling-03-30-2023-1848/GCS--AoR--CBI--4.pdf

https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-PreConstruction/AoRModeling-03-30-2023-1848/GCS--AoR--CBI--4.pdf

https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-PreConstruction/AoRModeling-03-30-2023-1848/GCS--AoR--CBI--5.pdf

https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-PreConstruction/AoRModeling-03-30-2023-1848/GCS--AoR--CBI--5.pdf

https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-PreConstruction/AoRModeling-03-30-2023-1848/GCS--AoR--CBI--6.pdf

https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-PreConstruction/AoRModeling-03-30-2023-1848/GCS--AoR--CBI--6.pdf





      Phase Composition: Compositional 


      Aqueous Phase Components: 


             CO2   Water   Salt 


Supercritical CO2 Phase: 


      Phase Compressibility: Compressible 


      Phase Composition: Compositional 


      Supercritical CO2 Phase Components: 


             CO2   Methane 


Equation of State Description Including Reference: Please see CBI submission 


      File with EOS Reference or Documentation: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-


PreConstruction/AoRModeling-03-30-2023-1848/GCS--AoR--CBI--7.pdf 


Multifluid Flow Processes: 


Advection   Buoyancy 


Non-wetting Fluid Trapping   Pore Compressibility 


Thermal Conditions: Non-Isothermal 


      File Describing Thermal Conductivity Function including Parameters: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-


PreConstruction/AoRModeling-03-30-2023-1848/B42THE--1.PDF 


      Heat Transport Processes: 


             Advection   Conduction 


Geochemistry Modeled: Yes 


      File Describing Geochemistry Modeling: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-


PreConstruction/AoRModeling-03-30-2023-1848/B.4.3--Geochemistry_modelling--v5_Redacted.pdf 


Geomechanical/Structural Deformations Modeled: Yes 


      File Describing Geomechanical/Structural Modeling: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-


PreConstruction/AoRModeling-03-30-2023-1848/B.4.4--Geomechanical_modelling--v5.pdf 


 


Rock Properties and Constitutive Relationships 


Porosity/Permeability Model 


Single Porosity 


Porosity Distribution: Heterogeneous 


Porosity included in Eclipse Keyword File: Yes 


Porosity Variable Name in Eclipse Keyword File: PORO 


      File Describing how Porosity was Determined and Assigned to Numerical Model: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-


0002/Phase1-PreConstruction/AoRModeling-03-30-2023-1848/B.5.1--Porosity--Determination_Redacted.pdf 


          Image Files for Porosity Distributions: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-


PreConstruction/AoRModeling-03-30-2023-1848/GCS--AoR--CBI--13.pdf 


Permeability Distribution: Heterogeneous 


Permeability included in Eclipse Keyword File: Yes 


Permeability Variable Name in Eclipse Keyword File: PERMX, PERMY, PERMZ 


      File Describing how Permeability was Determined and Assigned to Numerical Model: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-


LA-0002/Phase1-PreConstruction/AoRModeling-03-30-2023-1848/B.5.3--Permeability--Determination_Redacted.pdf 


          Image Files for Permeability Distributions: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-


PreConstruction/AoRModeling-03-30-2023-1848/GCS--AoR--CBI--14.pdf 


      Number of Rock Types Modeled: 2 


          Description of Rock Type Selection and Assignment: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-


PreConstruction/AoRModeling-03-30-2023-1848/GCS--AoR--CBI--15.pdf 


          Rock Type Distribution Data File: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-PreConstruction/AoRModeling-


03-30-2023-1848/GCS--AoR--CBI--16.pdf 


          Image Files for Rock Type Distribution: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-


PreConstruction/AoRModeling-03-30-2023-1848/GCS--AoR--CBI--17.pdf 


        Rock Type #1 


                Rock Compressibility: Pore 


                Rock Compressibility Distribution: Single Value 



https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-PreConstruction/AoRModeling-03-30-2023-1848/GCS--AoR--CBI--7.pdf

https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-PreConstruction/AoRModeling-03-30-2023-1848/GCS--AoR--CBI--7.pdf

https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-PreConstruction/AoRModeling-03-30-2023-1848/GCS--AoR--CBI--14.pdf

https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-PreConstruction/AoRModeling-03-30-2023-1848/GCS--AoR--CBI--14.pdf

https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-PreConstruction/AoRModeling-03-30-2023-1848/GCS--AoR--CBI--15.pdf

https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-PreConstruction/AoRModeling-03-30-2023-1848/GCS--AoR--CBI--15.pdf

https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-PreConstruction/AoRModeling-03-30-2023-1848/GCS--AoR--CBI--16.pdf

https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-PreConstruction/AoRModeling-03-30-2023-1848/GCS--AoR--CBI--16.pdf

https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-PreConstruction/AoRModeling-03-30-2023-1848/GCS--AoR--CBI--17.pdf

https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-PreConstruction/AoRModeling-03-30-2023-1848/GCS--AoR--CBI--17.pdf





                      Compressibility Value: -999 1/psi 


                Compressibility included in Eclipse Keyword File: No 


                Constitutive Relationships 


                Aqueous Saturation vs. Capillary Pressure: Table 


                      Tabular Format File for Aqueous Saturation vs Capillary Pressure: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-


0002/Phase1-PreConstruction/AoRModeling-03-30-2023-1848/B57AQU--1.PDF 


                Aqueous Trapped Gas Modeled: Yes 


                Hysteresis other than non-wetting fluid trapping: No 


                Aqueous Relative Permeability: Table 


                      Tabular Format File for Aqueous Relative Permeability: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-


PreConstruction/AoRModeling-03-30-2023-1848/B.5.8--Gas--Aqueous--phase--real--perms--v5_Redacted.pdf 


                Hysteresis other than non-wetting fluid trapping: No 


                Gas Relative Permeability: Table 


                      Tabular Format File for Gas Relative Permeability: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-


PreConstruction/AoRModeling-03-30-2023-1848/B.5.9--Gas--Aqueous--phase--real--perms--v5_Redacted.pdf 


                Hysteresis other than non-wetting fluid trapping: Yes 


                      File Providing Both Drainage and Imbibition Curves: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-


PreConstruction/AoRModeling-03-30-2023-1848/B.5.10--Gas--Aqueous--phase--real--perms--v5_Redacted.pdf 


                Porosity and Permeability Reduction Due to Salt Precipitation 


        Rock Type #2 


                Rock Compressibility: Pore 


                Rock Compressibility Distribution: Single Value 


                      Compressibility Value: -999 1/Pa 


                Compressibility included in Eclipse Keyword File: No 


                Constitutive Relationships 


                Aqueous Saturation vs. Capillary Pressure: Table 


                      Tabular Format File for Aqueous Saturation vs Capillary Pressure: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-


0002/Phase1-PreConstruction/AoRModeling-03-30-2023-1848/EPA--AoR--CBI--60.pdf 


                Aqueous Trapped Gas Modeled: Yes 


                Hysteresis other than non-wetting fluid trapping: No 


                Aqueous Relative Permeability: Table 


                      Tabular Format File for Aqueous Relative Permeability: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-


PreConstruction/AoRModeling-03-30-2023-1848/EPA--AoR--CBI--61.pdf 


                Hysteresis other than non-wetting fluid trapping: No 


                Gas Relative Permeability: Table 


                      Tabular Format File for Gas Relative Permeability: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-


PreConstruction/AoRModeling-03-30-2023-1848/EPA--AoR--CBI--62.pdf 


                Hysteresis other than non-wetting fluid trapping: Yes 


                      File Providing Both Drainage and Imbibition Curves: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-


PreConstruction/AoRModeling-03-30-2023-1848/EPA--AoR--CBI--63.pdf 


                Porosity and Permeability Reduction Due to Salt Precipitation 


 


Boundary Conditions 


      Attach Boundary Conditions Description File: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-


PreConstruction/AoRModeling-03-30-2023-1848/B.6.1--Boundary--Conditions--Description--v5_Redacted.pdf 


 


Initial Conditions 


Initial Phases in Domain:    Aqueous 


Initial Aqueous Pressure: Varying with Depth, Temperature, and Salinity 


Initial Aqueous Pressure: -999 psi   at Reference Elevation: -999 ft 


Initial Temperature: Varying with Depth 


      Initial Temperature: -999 C   at Reference Elevation: -999 m   Gradient: -999 deg C/m 


Initial Salinity: Spatially Constant 



https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-PreConstruction/AoRModeling-03-30-2023-1848/EPA--AoR--CBI--60.pdf

https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-PreConstruction/AoRModeling-03-30-2023-1848/EPA--AoR--CBI--60.pdf

https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-PreConstruction/AoRModeling-03-30-2023-1848/EPA--AoR--CBI--61.pdf

https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-PreConstruction/AoRModeling-03-30-2023-1848/EPA--AoR--CBI--61.pdf

https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-PreConstruction/AoRModeling-03-30-2023-1848/EPA--AoR--CBI--62.pdf

https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-PreConstruction/AoRModeling-03-30-2023-1848/EPA--AoR--CBI--62.pdf

https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-PreConstruction/AoRModeling-03-30-2023-1848/EPA--AoR--CBI--63.pdf

https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-PreConstruction/AoRModeling-03-30-2023-1848/EPA--AoR--CBI--63.pdf





      Initial Salinity: -999 ppm 


 


Operational Information 


Number of Injection Wells: 4 


        Injection Well #1 


                Well Direction: Vertical 


                      Location: X: -999 UTM   Y: -999 UTM 


                Wellbore Diameter: Constant 


                Wellbore Diameter: -999 in 


                Well Screen Interval Provided as: Single Interval 


                      Elevation of Top of Screened Interval: -999   Elevation of Bottom of Screened Interval: -999 ft 


                Mass Rate of Injection: -999 MMT/yr 


                Total Mass of Injection: -999 MMT 


                Actual Injection Temperature: -999 C 


                Modeled Injection Temperature: -999 C 


                Fracture Gradient: -999  psi/ft 


                      Maximum Injection Pressure: -999 psi   Elevation Corresponding to Pressure: -999 ft 


                      Description of How Fracture Gradient and Maximum Injection Pressure were Determined File: 


https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-PreConstruction/AoRModeling-03-30-2023-1848/B.8.1--Fracture--


Gradient--and--Geomechanical_modelling_Redacted.pdf 


                Composition of Injectate: Pure CO2 


                Injection Schedule Provided as: Single Injection Period 


                      Injection Start Date: 01/01/2020   Stop Date: 01/01/2050 


        Injection Well #2 


                Well Direction: Vertical 


                      Location: X: -999 UTM   Y: -999 UTM 


                Wellbore Diameter: Constant 


                Wellbore Diameter: -999 in 


                Well Screen Interval Provided as: Single Interval 


                      Elevation of Top of Screened Interval: -999   Elevation of Bottom of Screened Interval: -999 ft 


                Mass Rate of Injection: -999 MMT/yr 


                Total Mass of Injection: -999 MMT 


                Actual Injection Temperature: -999 C 


                Modeled Injection Temperature: -999 C 


                Fracture Gradient: -999  psi/ft 


                      Maximum Injection Pressure: -999 psi   Elevation Corresponding to Pressure: -999 ft 


                      Description of How Fracture Gradient and Maximum Injection Pressure were Determined File: 


https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-PreConstruction/AoRModeling-03-30-2023-1848/B.8.2--Fracture--


Gradient--and--Geomechanical_modelling_Redacted.pdf 


                Composition of Injectate: Pure CO2 


                Injection Schedule Provided as: Single Injection Period 


                      Injection Start Date: 01/01/2020   Stop Date: 01/01/2050 


        Injection Well #3 


                Well Direction: Vertical 


                      Location: X: -999 UTM   Y: -999 UTM 


                Wellbore Diameter: Constant 


                Wellbore Diameter: -999 in 


                Well Screen Interval Provided as: Single Interval 


                      Elevation of Top of Screened Interval: -999   Elevation of Bottom of Screened Interval: -999 ft 


                Mass Rate of Injection: -999 MMT/yr 


                Total Mass of Injection: -999 MMT 


                Actual Injection Temperature: -999 C 


                Modeled Injection Temperature: -999 C 







                Fracture Gradient: -999  psi/ft 


                      Maximum Injection Pressure: -999 psi   Elevation Corresponding to Pressure: -999 ft 


                      Description of How Fracture Gradient and Maximum Injection Pressure were Determined File: 


https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-PreConstruction/AoRModeling-03-30-2023-1848/B.8.3--Fracture--


Gradient--and--Geomechanical_modelling_Redacted.pdf 


                Composition of Injectate: Pure CO2 


                Injection Schedule Provided as: Single Injection Period 


                      Injection Start Date: 01/01/2020   Stop Date: 01/01/2050 


        Injection Well #4 


                Well Direction: Vertical 


                      Location: X: -999 UTM   Y: -999 UTM 


                Wellbore Diameter: Constant 


                Wellbore Diameter: -999 in 


                Well Screen Interval Provided as: Single Interval 


                      Elevation of Top of Screened Interval: -999   Elevation of Bottom of Screened Interval: -999 ft 


                Mass Rate of Injection: -999 MMT/yr 


                Total Mass of Injection: -999 MMT 


                Actual Injection Temperature: -999 C 


                Modeled Injection Temperature: -999 C 


                Fracture Gradient: -999  psi/ft 


                      Maximum Injection Pressure: -999 psi   Elevation Corresponding to Pressure: -999 ft 


                      Description of How Fracture Gradient and Maximum Injection Pressure were Determined File: 


https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-PreConstruction/AoRModeling-03-30-2023-1848/B.8.4--Fracture--


Gradient--and--Geomechanical_modelling_Redacted.pdf 


                Composition of Injectate: Pure CO2 


                Injection Schedule Provided as: Single Injection Period 


                      Injection Start Date: -999   Stop Date: -999 


Number of Production/Withdrawal Wells: 0 


 


Model Output/Results 


      Provide file name and corresponding spatial location for each file: Please see CBI submission 


      Time-Series File: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-PreConstruction/AoRModeling-03-30-2023-


1848/GCS--AoR--CBI--27.pdf 


      Provide file name and corresponding variable and time stamp for each file: Please see CBI submission 


      Snapshot File: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-PreConstruction/AoRModeling-03-30-2023-1848/GCS-


-AoR--CBI--28.pdf 


      Provide file name and corresponding description of surface for each file: Please see CBI submission 


      Surface Flux File: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-PreConstruction/AoRModeling-03-30-2023-


1848/GCS--AoR--CBI--29.pdf 


      Sensitivity Analysis Description/Results: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-


PreConstruction/AoRModeling-03-30-2023-1848/EPA--AoR--CBI--v3.pdf 


 


AoR Pressure Front Delineation 


Lowermost USDW: 


      Name of Lowermost USDW: PLIOCENE 


      Water Density: -999 kg/m^3   at Elevation: -999 ft 


             Location of Measurement for Density: -999 


      Temperature: -999 C   at Elevation: -999 ft 


             Location of Measurement: -999 


      Pressure: -999 psi   at Elevation: -999 m 


             Location of Measurement: -999 


      Salinity: -999 ppm   at Elevation: -999 m 


             Location of Measurement: -999 



https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-PreConstruction/AoRModeling-03-30-2023-1848/GCS--AoR--CBI--27.pdf

https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-PreConstruction/AoRModeling-03-30-2023-1848/GCS--AoR--CBI--27.pdf

https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-PreConstruction/AoRModeling-03-30-2023-1848/GCS--AoR--CBI--28.pdf

https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-PreConstruction/AoRModeling-03-30-2023-1848/GCS--AoR--CBI--28.pdf

https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-PreConstruction/AoRModeling-03-30-2023-1848/GCS--AoR--CBI--29.pdf

https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-PreConstruction/AoRModeling-03-30-2023-1848/GCS--AoR--CBI--29.pdf

https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-PreConstruction/AoRModeling-03-30-2023-1848/EPA--AoR--CBI--v3.pdf

https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-PreConstruction/AoRModeling-03-30-2023-1848/EPA--AoR--CBI--v3.pdf





      Elevation of bottom of USDW: -999 ft 


Injection Zone: 


      Name of Injection Zone: Frio Formation 


      Water Density: -999 kg/m^3   at Elevation: -999 m 


             Location of Measurement: -999 


      Temperature: -999 C   at Elevation: -999 m 


             Location of Measurement: -999 


      Pressure: -999 psi   at Elevation: -999 m 


             Location of Measurement: -999 


      Salinity: -999 ppm   at Elevation: -999 m 


             Location of Measurement: -999 


      Elevation of top of Injection Zone: -999 ft 


Method of Estimating Critical Pressure: Dynamic Modeling 


      Describe Model Used: -999 


      File Describing Critical Pressure Estimation: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-


PreConstruction/AoRModeling-03-30-2023-1848/B.10.2--AoR--Pressure--Front--Delineation--v5_Redacted.pdf 


      Estimated Critical Pressure: -999 psi 


Delineated AoR: 


      Shapefile or KML File Showing Delineated AoR: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-


PreConstruction/AoRModeling-03-30-2023-1848/GCS--AoR--CBI--32.pdf 


 


Corrective Action 


      File with Location of All Penetrations within AoR: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-


PreConstruction/AoRModeling-03-30-2023-1848/EPA--AoR--CBI--64.pdf 


      File with Location of Wells Requiring Corrective Action: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-


PreConstruction/AoRModeling-03-30-2023-1848/EPA--AoR--CBI--65.pdf 


      Supporting Documentation: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-PreConstruction/AoRModeling-03-30-


2023-1848/EPA--AoR--CBI--66.pdf 


 


Area of Review and Corrective Action Plan [40 CFR 146.82(a)(13) and 146.84(b) or applicable state
requirements] 


      Are you making an Area of Review and Corrective Action Plan submission at this time?: Yes 


Reason for Project Plan Submission: Permit application submission 


Project Plan Upload 


      Attach the Area of Review and Corrective Action Plan: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-


PreConstruction/AoRModeling-03-30-2023-1848/Finalized--Redactions--to--B.12.1_AoR--Corrective--Action--Plan--Report--CBI-----Rev--No.5--Jan--2023.pdf 


Appendices and Supporting Materials Upload 


      Attach Any Supporting Documentation for the AoR and Corrective Action Plan: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-


0002/Phase1-PreConstruction/AoRModeling-03-30-2023-1848/EPA--AoR--CBI--67.pdf 


 


Area of Review Reevaluation [40 CFR 146.84(e) or applicable state requirements] 


      Minimum fixed frequency of AoR reevaluation: 5 Years 


      Are you making an Area of Review reevaluation submission at this time?: No 


Reevaluation Background 


Reevaluation Materials 


          Please upload your amended AoR and Corrective Action Plan on the previous tab. 


 


Complete Submission 


Authorized submission made by: Benjamin Heard 


For confirmation a read-only copy of your submission will be emailed to:    jhodgson@gcscarbon.com 



https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-PreConstruction/AoRModeling-03-30-2023-1848/GCS--AoR--CBI--32.pdf
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https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-PreConstruction/AoRModeling-03-30-2023-1848/EPA--AoR--CBI--64.pdf
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Reveal has geo-mechanical modelling capability, including fracture modelling, and uses a finite 
element grid for the fracture model, coupled to the finite difference pressure/fluid-flow model, and 
the displacement potential geo-mechanical model.  The input data is described in Section 2.2.16 
of this document. 


In describing the geomechanical options within Reveal, key parameters and variables are defined 
here. 


• In a fluid body (gas or liquid), collisions between the particles making up the fluid generate
forces between the colliding particles.  If a plane of material is submerged into the fluid, it
too will experience a force acting on it.  This force would be the sum total of all the forces
generated by the collisions between the surface and the particles of the fluid.  Dividing the
total force by the size of the area of the material gives the average force per unit area.  In a
fluid this average force per unit area is independent of the orientation of the material; it
experiences the same force no matter how it is rotated.  In a fluid, the force per unit area
exerted on a material, or within the fluid itself, is the fluid’s pressure, P.  It is a scalar
quantity; it has magnitude (size) only; it requires no direction to be associated with it to
define it.


• In a solid, however, the force per unit area exerted on an imaginary plane within the solid
may differ with the orientation of the plane.  This directional force per unit area is called
stress.  To define a stress in a solid completely requires that it is represented as a tensor
(Timoshenko and Goodier, 1970).


The physical reason why stress is not a simpler vector quantity is that the force within a
solid may have not only components parallel (compressive or tensile) to the X-, Y- and Z- 
axes (the principal axes) but also twisting, rotational or shearing components along the
XY-, XZ- and YZ- axes, and in their opposite directions YX-, ZX- and ZY-.


The different components of stress within a solid can be represented as:


𝜎𝜎 = �
𝜎𝜎𝑥𝑥𝑥𝑥 𝜎𝜎𝑥𝑥𝑥𝑥 𝜎𝜎𝑥𝑥𝑥𝑥
𝜎𝜎𝑥𝑥𝑥𝑥 𝜎𝜎𝑥𝑥𝑥𝑥 𝜎𝜎𝑥𝑥𝑥𝑥
𝜎𝜎𝑥𝑥𝑥𝑥 𝜎𝜎𝑥𝑥𝑥𝑥 𝜎𝜎𝑥𝑥𝑥𝑥


� Eqn (2.1.2.11) 


Here, σxx, σyy and σzz are the compressive or tensile stresses, and σxy, σxz, σyx, σyz, σzx, and σzy 
are the shear stresses.  The tensor 𝜎𝜎 represents the stress in the solid.  Each component has 
units of psi.  In rocks, the tensor is symmetric, that is, σxy = σyx, σxz = σzx, and σzy = σyz.  So, 
there are six independent components which together define the stress state of the rock. 


• Strain is the amount of deformation caused by the action of stress (or combination of
stresses) on a body.  It is defined as being the change in size and shape of a body (here the
rock) resulting from the action of an applied stress field.  Strain can be manifested as a
rotation and/or distortion (change in body shape) and/or a dilation (change in volume).


The material in this document is duplicative of the contents of AoR Section 2.1.2, beginning at page 
19. Please refer to the redacted version of the complete AoR provided via the ShareFile for tailored 
CBI claims.
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As the strain results from the application of stress, there is a direct relationship between the 
two which depends on the mechanical properties of the material (here the rock).  For the 
purposes of this document, only perfectly elastic behavior is considered, that is, when the 
applied stress is released, the rock springs back to its original (pre-applied stress) state.  
This is Hook’s Law.  It is: 


    𝜀𝜀  =  𝜎𝜎 /𝐸𝐸   Eqn (2.1.2.12) 


Here, E is Young’s modulus (units of psi) and 𝜀𝜀 is the strain tensor (Timoshenko and 
Goodier, 1970) and which is symmetric like the stress tensor.  The components of 𝜀𝜀  are 
fractional changes in extension of the body parallel to a given principal co-ordinate or, in 
shear, along a rotational axis (dimensionless units).  The larger the value of Young’s 
modulus, the less deformation will occur per unit of applied stress (the stronger the rock).  
This linear relationship is assumed for all geomechanical properties in the model; no plastic 
(non-linear) relationship between stress and strain is allowed (with the exception of 
modelling fractures where this occurs). 
 


• Effective stress is defined as the total stress (stress in the absence of pressure) minus the 
fluid pressure: 


σeff = σtotal – P    Eqn (2.2.13) 


If the effective stress is positive, the system is said to be in a compressive state.  The total 
stress (the applied force that tends to keep, for example, fractures closed) is higher than the 
pore pressure (which, in the fracture, tends to open the fracture) and the fracture cannot 
open or propagate when the system is in a compressive state. 
 
If the effective stress is negative, the system is in a tensile state.  The total stress is lower 
than the pore pressure, and there is a tendency, for example, for a fracture to open and/or 
propagate.  The stresses reported from the output of Reveal in this document are effective 
stresses unless stated otherwise (units are psi), although the input stresses are total stresses.  
Physically, the solid grains of the rock bears the effective stress, σeff , rather than the total 
external stress, σtotal. 
 
However, the rock is not a homogeneous material but a matrix composed of a mixture of 
grains cemented together with connected pores.  The rock itself may deform internally by 
the movement and rearrangement of the framework composed of individual grains to 
accommodate the applied stress.  The part of the total stress not borne by the solid grains 
is carried by the fluid and by the internal rearrangement of the granular components of the 
rock.   
 
The stress carried by the fluid is BoP, where Bo is the Biot coefficient, and the part carried 
by the internal rearrangement of the grains is (1 – Bo)P. 
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The Biot coefficient has a theoretical range (Fjaer et al., 2008): 
 
    φ < Bo ≤ 1   (2.2.14) 
Here, φ is the porosity. 
 
The Biot coefficient is given by (Fjaer et al., 2008): 
 
    Bo = 1 – (Kfr/Ks)  Eqn (2.2.15) 
 
Here, Kfr is the bulk modulus of the framework and Ks is the bulk modulus of the grains.  
The bulk modulus of a material is the relative (fractional) change in the volume of the 
material produced by a unit compressive (or tensile) stress acting uniformly over its 
surface.  Kfr is always smaller than Ks.  Theoretically (Fjaer et al., 2008), the upper limit 
for Kfr is (1-φ)Ks. 
 
Equation 2.2.13 then becomes: 
 


    σeff = σtotal – BoP    Eqn (2.2.16) 
 


• Poisson’s ratio (ν) determines the lateral displacement that a solid will exhibit to 
accommodate a change in volume.  For example, when a material is stretched in one 
direction, it tends to get thinner in the other two directions.   


Poisson’s ratio is the ratio of relative contraction strain (i.e., at right angles to the applied 
stress) divided by the relative extension strain (i.e., in the direction of the applied stress).  
The units are dimensionless.  For a perfectly incompressible material (the volume is 
constant), Poisson’s ratio is 0.5.  For an infinitely compressible material, Poisson’s ratio is 
zero. 


• The poro-elastic stress coefficient (PEC) (units are dimensionless) is  


    PEC = αp E /(1- ν)    Eqn (2.1.2.17) 
 


Where αp is the linear poro-elastic expansion coefficient (units are psi-1).  The equation for 
αp is: 
   αp = Bo (1 - 2ν) / E    Eqn (2.1.2.18) 
 
If a thin core of rock is constrained at the ends so that it cannot change its length, a stress 
will occur when the fluid pressure changes (Fjaer et al., 2008).  For a pressure change of 
ΔP psi, the induced stress, σ, along the core, is:  


  σ = αp E /(1- ν) ΔP = PEC ΔP psi    Eqn (2.1.2.19) 


• The thermo-elastic stress coefficient (TEC) (units are psi oF-1 (psi oC-1)) is  
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TEC = αT E /(1- ν)    Eqn (2.1.2.20) 


Here, αT is the coefficient of linear expansion (units are oF-1 (oC-1)). 


If a thin core of rock is constrained at the ends so that it cannot change its length, a thermal 
stress will occur when the temperature changes (Fjaer et al., 2008).  For a temperature 
change of ΔT oF (oC), the thermally induced stress, σ, along the core, is:  


   σ = αT E /(1- ν) ΔT = TEC ΔT psi   Eqn (2.1.2.21) 


Putting equations (2.1.2.18) and (2.1.2.19) together, the induced stress in a thin core of 
rock along its long axis, σ, caused by a change in temperature, ΔT, and a change in pressure 
ΔP, would be: 


   σ = PEC ΔP + TEC ΔT psi   Eqn (2.1.2.22) 


In Reveal, the stress field tensor within the grid is calculated at any time step from the current 
temperature and pressure distribution, the initial stress distribution, and the poro-elastic and 
thermo-elastic coefficients.   
 
The stress-strain relationships for fluid saturated porous media are identical to the ones of non-
porous media, provided that they are expressed in terms of the effective stress as dictated by the 
principle of effective stress.  This can be represented as (Fjaer et al., 2008) for example: 
 


εij = [(1 + ν)/ E] σeff,ij – (ν/ E) σeff,kk δij   Eqn (2.1.2.23) 
 
Here,  
    σeff,ij = σtotal,ij – BoP δij    Eqn (2.1.2.24) 
   
The εij are the components of the strain tensor (equation 2.1.2.12) and the stresses σeff,ij are the 
components of the effective stress tensor, applied on the rock grains.  The Krӧnecker delta, δij, 
has the following properties: 
 
    δij = 0 if i ≠ j; else δij = 1, if i = j.                     Eqn (2.1.2.25) 
 
Essentially, the Krӧnecker delta knocks out any off-diagonal term in the tensor that it multiplies 
but leaves in any on-diagonal term it multiplies in equation (2.1.2.13).  In equation (2.1.2.24), it 
removes the pressure, P, from the off-diagonal elements of the effective stress tensor. 
 
If there is a change of temperature in the grid, ΔT, then an additional term is added to equation 
(2.1.2.24) to account for the induced thermal stress, σij,T.  This term is: 
 


 σ ij,T = - TEC ΔT δij   Eqn (2.1.2.26) 
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In Reveal, a system equivalent to equation (2.1.2.24) is solved.  The displacement (change in 
strain), γ, is calculated from the displacement potential.  The displacement potential, χ, 
(Timoshemko and Goodier, 1970, pg.240) is first calculated over the entire finite difference grid.   
 
The equation is, (Reveal User Guide, Section 2.3.14.1): 
 
  (K – 2/3 G) dεV + 2G∇2χ = -(ApΔP + ATΔT)(1-ν)/(1-2ν) Eqn (2.1.2.27) 
 
Here,  
   K = E / (3(1-2ν)  and G = E / (2(1+ν)                        Eqn (2.1.2.28) 
 
K is the bulk modulus (units are psi) and G is the shear modulus (units are psi), two of the Lamé 
parameters, and the displacement in the i’th direction (i = x, y, z), is 
 
    γi = ∂χ/∂xi     Eqn (2.1.2.29) 
 
The volumetric strain, dεV is: 
    dεV = ∂2χ/∂x2 + ∂2χ/∂y2 + ∂2χ/∂z2               Eqn (2.1.2.30) 
     
 
The change in strain and stress within the grid is then calculated in the y-direction, for example, as 
(Reveal User Guide, Section 2.3.14.1) : 
 
    Δεy = γy = ∂χ/∂y         Eqn (2.1.2.31) 
and 


Δσyy = (K – 2/3 G) dεV + 2G ∂2χ/∂y2 + (ApΔP + ATΔT)(1-ν)/(1-2ν) Eqn (2.1.2.32) 
 
The linear system of equations (2.1.2.32) is solved in Reveal over all the grid cells.  It is coupled 
to the pressure/fluid-flow equations (2.1.2.7) through the pressure P, and the heat flow equation 
(2.1.2.10) through the temperature T.  At the end of the time step, when P is known, T is calculated, 
and then the stresses. 
 
The boundary conditions for the displacement potential equations, (2.1.2.32) are zero strain on all 
boundaries (a Dirichlet-type condition) with the exception of the top surface the grid, where the 
boundary condition is free displacement in response to the imposed total vertical stress caused by 
the weight of the overburden (Gutierrez et al., 2001). 
 
In addition to the imposed boundary conditions, the total stress is defined to be constant 
everywhere within the grid (zero change in total stress).  The total stress applied externally to the 
grid is only in the vertical direction and caused by the weight of the overburden, calculated from 
an analytical model as a function of the depth of the overburden.  This applied stress remains 
constant in time.  This is the loading condition or, in geomechanics, the stress path.  This is an 
oedometric model (Gutierrez et al, 2001). 
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The applied stress within the grid, imposed by the weight of the overburden, induces stresses in 
the grid and hence displacements within the grid.   
 
These assumptions decouple the geomechanical equations (2.1.2.23) from the pressure/fluid-flow 
equations (2.1.2.7), It ignores the change in porosity caused by the stresses and hence the related 
changes in pore pressure, (Gutierrez et al, 2001). 
The geo-mechanical response of the Injection Zone and the Confining Zone is important in 
assessing: the risk of thermal fracturing in the Injection Zone (Upper Frio Formation); the risk of 
reactivating faults within the Injection Zone; and the risk to the mechanical integrity of the 
Confining Zone.  
 
The temperature of the CO2 at the injection well tubing heads is assumed to be 77 oF ± 27 oF (25 
oC ± 15 oC).  Although there may be some heating of the injected CO2 as it descends through the 
wellbore initially, this effect is small because the residence time in the wellbore is low, and the 
temperature of the CO2 at the bottom-hole is close to its tubing head value. 
 
The formation temperature at typical injection depths (~ 10,000 ft TVDSS) is about 200 oF (95 
oC).  The difference in temperature between the cooler CO2 and the formation is therefore 120 oF 
(70 oC), initially.  As time passes, the formation will be cooled around the wellbore and this 
difference in temperature will fall. 
 
The effect of the cooling injected fluid will be to reduce the effective stress at the wellbore.  The 
risk is that the reduction in effective stress may be sufficient to cause localized fracturing in the 
vicinity of the wellbore.  If the fractures (should they occur) are small and remain within the 
Injection Zone, they may be of benefit because they would increase the injectivity of the well.  If 
the fractures are very large, they may extend to the Confining Zone. 
 
Changes in the effective geomechanical stress within the Injection Zone may be sufficient to 
reactivate closed faults, depending on their orientation and the stress change. 
 
Lastly, although it is very unlikely, there may be a risk that changes in stress within the Confining 
Zone might cause it to fracture, reducing its effectiveness as a seal. 
 
To assess these risks, use was made of the fracture option within Reveal.  Reveal uses a finite 
element grid which is coincident with the finite difference grid for the fluid pressure and fluid flow 
calculations to represent the fracture volume.  This grid is generated automatically.  The stress is 
calculated as a function of the in-situ stress, temperature, pressure, Poisson’s ratio, Young’s 
modulus and the poro- and thermo-elastic coefficients. 
 
Reveal also has a fracture model, where it is possible to investigate the possibility of fracture 
initiation and growth geometry within a dynamically coupled reservoir and well bore system. 
 
To make the geomechanical calculations in Reveal, a complete geo-mechanical data set was 
required.  
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In the absence of measured local data, we used published sources (Meckel et al., 2017, Nicholson, 
2012 and Zobeck, 1980) to set the orientation of the principal horizontal stresses.  These were set 
to 54.1o for the maximum horizontal stress and 324.1o for the minimum horizontal stress, Figure 
52 (Nicholson, 2012). 
  
These were determined using regional fault-strike statistics.  (Nicholson, 2012) calculated the 
average fault strike for 297 faults or fault segments, which was 54.1o, roughly parallel to the 
coastline and in agreement with onshore values for the maximum horizontal stress azimuth found 
by (Zobeck, 1980), Figure 2.2.16.1-1. 
 
As reported below, there is significant uncertainty in the magnitudes of the principal stresses, 
particularly the horizontal stresses. 


1.1.1.1 Total Vertical Stress (σv, units = psi) 
The most-likely total overburden stress, Sv, for normal-fault stress regimes is assumed to be an 
average of 1.0 psi/ft (Nicholson, 2012).  This is equivalent to the lithostatic pressure exerted by 
rock with an average density of 2.3 g/cm3. 
 
(Hovorka et al., 2018) (Meckel et al., 2017, p32) assumed a value of 1.0 psi/ft.  This data was used 
for studies of the Lower Miocene in the Texas Gulf of Mexico. 
 
This compares with a value of 0.9 psi/ft (from the density log) reported by (Ramos et al., 1994).  
(Ramos et al., 1994) derived values for the principal horizontal stress gradients from an 
unconventional differential strain curve analysis (DSCA).  The rock samples were poorly 
consolidated, and this prevented a conventional DSCA.  
 
Based on these two pieces of data, the uncertainty range in the total vertical stress gradient is 
estimated to be approximately ± 0.1 psi/ft. 
 


1.1.1.2 Total Minimum Horizontal Stress (Sh,min, units = psi) 
(Nicholson, 2012) assumed a value of 85% of Sv.  This value is consistent with work published by 
(Engelder and Leftwich, 1997).  (Meckel et al., 2017, p34) who assumed a value of 0.85 psi/ft 
(85% of 1 psi/ft for the vertical stress gradient). 
 
The most-likely value of the minimum horizontal stress gradient is assumed to be 0.85 psi/ft. 
 
(Ramos et al., 1994) reported a value of 0.74 * 0.9 psi/ft = 0.66 psi/ft. Based on this data, the 
uncertainty range in the total minimum horizontal stress gradient is estimated to be approximately 
± 0.15 psi/ft. 
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1.1.1.3 Total Maximum Horizontal Stress (Sh,max, units = psi) 
A value equal to the average of the gradients of the total vertical and minimum horizontal stresses 
was taken, 0.93 psi/ft (to 2 decimal places), with an uncertainty range of ± 0.07 psi/ft.  
 
The estimate of the uncertainty is the range between the most-likely total vertical and minimum 
horizontal stress gradients.  
 
(Ramos et al., 1994) reported a value of 0.81 * 0.9 psi/ft = 0.73 psi/ft from six DSCAs, so the 
estimated uncertainty range be under-estimating the error.  It is half the error estimated for the total 
minimum horizontal stress.  This is because of the extra “information” carried by constraining the 
expected value to lie between the total vertical and minimum horizontal stress gradients. 
 


1.1.1.4 Biot Coefficient (dimensionless) 
(Zheng et al., 2019) reported a value of 0.944 (± 0.056), in the effective stress range 3.5 – 7 MPa 
(500 – 1000 psi).  (Ramos et al., 1994) assumed a value of 1.0. A value of 1.0 was assumed for the 
Reveal model.  The uncertainty range is approximately ± 0.06, assumed from (Zheng et al., 2019). 
 


1.1.1.5 Poisson’s ratio (dimensionless) 
This is taken from (Zheng et al., 2019, Figure 3), partly reproduced below, Figure 2.2.16.5-1. 
 
Poisson’s ratio and its uncertainty range were set to the unloading process values with an average 
of 0.23 ± 0.04.  (Ramos et al., 1994) reported an average core value of 0.21, based on static tests. 
 


1.1.1.6 Young’s modulus (units = psi) 
This was taken from (Zheng et al., 2019, Figure 3) partly reproduced in Figure 2.2.16.5-1.  Young’s 
modulus and its uncertainty range were set to the unloading process values with an average of 0.8 
± 0.07 x106 psi (5.5 ± 0.5 GPa). 
 
(Ramos et al., 1994) measured a value of 1.7 GPa, and with a cohesive (shear) strength of less than 
3.4 MPa (500 psi).  It was also noted that the elastic moduli of the sandstones were about twice 
that of the shale but that the shear strength of the shale was about twice that of the sandstone.  
 


1.1.1.7 Cohesion, C (dimensionless) 
This was assumed to be zero, (Meckel et al., 2017), with no uncertainty range. 
 


1.1.1.8 Coefficient of friction (dimensionless) 
This was set to 0.6, (Meckel et al., 2017).  No uncertainty range was defined. 
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1.1.1.9 Linear thermal expansion coefficients, poro-elastic and thermo-elastic stress coefficients  
 
Figure 2.2.16.9-1 is taken from the Petroleum Experts’ Reveal manual and shows the definitions 
of the poro-elastic and thermo-elastic stress coefficients used in the simulation model.  Data 
defined above was used to calculate the poro-elastic coefficient and the thermo-elastic coefficient. 
 
The linear poro-elastic expansion coefficient is calculated from the Biot coefficient, Young’s 
modulus and Poisson’s ratio (equation 2.1.18). The most-likely value is 6.9E-7 psi-1. 
 
The linear thermo-elastic expansion coefficient is the default value in the simulation model of 
2.16E-5 oC-1. 
 
The poro-elastic coefficient translates the effect of fluid pressure to the reservoir stress field as ΔS 
~ ∂S/∂P * ΔP, where ΔS is the change in stress, ∂S/∂P is the poro-elastic coefficient and ΔP is the 
change in pressure.  The expected value of the poro-elastic coefficient is 4.86E-6 (with pressure 
units of psi). 
 
The thermo-elastic coefficient translates the effect of temperature to the reservoir stress field, as 
ΔS ~ ∂S/∂T * ΔT, where ΔS is the change in stress, ∂S/∂T is the thermo-elastic coefficient and ΔT 
is the change in temperature.  The expected value of the thermo-elastic coefficient is 22.4 psi oC -


1.  
 
Table 2.2.16.9-1 summarizes the geomechanical data used in the simulation model. 
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		1.1.1.4 Biot Coefficient (dimensionless)
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		1.1.1.6 Young’s modulus (units = psi)

		1.1.1.7 Cohesion, C (dimensionless)

		1.1.1.8 Coefficient of friction (dimensionless)

		1.1.1.9 Linear thermal expansion coefficients, poro-elastic and thermo-elastic stress coefficients

		2.0 References










ENVIRONMENTAL PROTECTION AGENCY (“EPA”) 


UNDERGROUND INJECTION CONTROL PROGRAM 


CLASS VI PERMIT (40 CFR SUBPART H § 146.81- 146.95)  


GULF COAST SEQUESTRATION LLC 


PROJECT MINERVA 


 


Pursuant to 40 CFR Subpart H § 146.84, this section of the Project Minerva Class VI Permit related to the 


Area of Review and Corrective Action Plan is being submitted to Ken Johnson, Regional Director Region 


VI of the EPA, as Confidential Business Information.  












Area of Review and Corrective Action Plan for Project Minerva 


Permit Number: Page 2 of 2 


CONFIDENTIAL BUSINESS INFORMATION 


(b) (4)












ENVIRONMENTAL PROTECTION AGENCY (“EPA”) 


UNDERGROUND INJECTION CONTROL PROGRAM 


CLASS VI PERMIT (40 CFR SUBPART H § 146.81- 146.95)  


GULF COAST SEQUESTRATION LLC 


PROJECT MINERVA 


 


Pursuant to 40 CFR Subpart H § 146.84, this section of the Project Minerva Class VI Permit related to the 


Area of Review and Corrective Action Plan is being submitted to Ken Johnson, Regional Director Region 


VI of the EPA, as Confidential Business Information.  








The material in this document is duplicative of the contents of AoR Section 2.2.15, beginning at page
70. Please refer to the redacted version of the complete AoR provided via the ShareFile for tailored
CBI claims.


(b) (4)







(b) (4)







(b) (4)







(b) (4)







(b) (4)







(b) (4)







(b) (4)







(b) (4)







(b) (4)







(b) (4)







(b) (4)







(b) (4)







(b) (4)







(b) (4)







2.0 References 


• (Adams and Bachu, 2002): J. J. Adams and S. Bachu, “Equations of state for basin 
geofluids: algorithm review and intercomparison of brines”, Geofluids (2002), 2, 257 – 
271. 


• (Akbarabadi and Piri, 2013): M. Abarabadi and M. Piri, “Relative permeability 
hysteresis and capillary trapping characteristics of supercritical CO2/brine systems: An 
experimental study at reservoir conditions”, Adv. Wat. Res., 52, 190 – 206, February 2013. 


• (Al-Menhali et al., 2015): A. Al-Menhali, B. Niu and S Krevor, “Capillarity and wetting 
of carbon dioxide and brine during drainage in Berea sandstone at reservoir conditions”, 
Water Resources Research 51, 7895-7914, 2015, doi: 10.1002/2015SWR016947. 


• (Amyx et al, 1960): J.W. Amyx, D. M. Bass Jr., R. L. Whiting, “Petroleum Reservoir 
Engineering, McGraw-Hill, New York, 1960. 


• (Aziz and Settari, 1979): K. Aziz and A Settari, “Petroleum Reservoir Simulation”, 
Springer, Netherlands. 


• (Bachu and Bennion, 2008): S. Bachu and B. Bennion, “Effects of in-situ conditions on 
relative permeability characteristics of CO2-brine systems”, Environ. Geol., 54, 1707-
1722. 


• (Bachu and Bennion, 2009): S. Bachu and B. Bennion, “Interfacial tension between CO2, 
fresh-water, and brine in the range of pressures (2 to 27) MPa, temperature (20 to 125) C, 
and water salinity from (0 to 334 000) mgl-1, J. Chem. Eng. Data, 54, 765-775.   


(b) (4)







• (Bachu, 2013): S. Bachu, “Drainage and imbibition CO2/brine relative permeability curves 
at in situ conditions for sandstone formations in western Canada”, GHGT-11, Energy 
Procedia, 37 (2013), 4428 – 4436. 


• (Baines and Worden, 2004): S Baines and R Worden, The long-term fate of CO2 in the 
subsurface: natural analogues for CO2 storage, 2004 Geological Society Volume 233 
P59-85 


• (Batzle and Wang, 1992): M. Batzle and Z. Wang, “Seismic properties of pore fluids”, 
Geophysics, 57, 1396 – 1408, (1992). 


• (Bennion and Bachu, 2008): D. B. Bennion and S. Bachu, “Drainage and imbibition 
relative permeability relationships for supercritical CO2/brine and H2S/brine systems in 
intergranular sandstones, carbonate, shale and anhydrite rocks”, SPE Res. Eval. & Eng., 
2008, 11, 487-496. 


• (Bennion and Bachu, 2010): D. B. Bennion and S. Bachu, “Drainage and imbibition 
relative permeability curves at reservoir conditions for carbonate formations”, SPE paper 
134028, SPE Annual Technical Conference and Exhibition, 19-22 September, Florence, 
Italy, 2010. 


• (Brooks and Corey, 1964): R.H. Brooks and A. T. Corey, “Hydraulic properties of porous 
media”, Colorado State University, Hydro Paper No.5, (1964). 


• (Carlson, 1981): F.M. Carlson, “Simulation of relative permeability hysteresis to the 
nonwetting phase”, SPE 10157-MS, Richardson, Texas, USA. 


• (Carter and Tracy, 1960): R.D. Carter and G.W. Tracy, “An Improved Method for 
Calculating Water Influx”, Trans., AIME, 219, 415 – 417, 1960. 


• (Chalbaud et al., 2006): C. Chalbaud, M. Robin and P. Egerman, “Interfacial tension data 
and correlations of brine-CO2 systems under reservoir conditions”, SPE Annual Technical 
Conference and Exhibition, 2006, SPE paper 102918-MS.  


• (Chertov and Suarez-Rivera, 2014): M.A. Chertov and R. Suarez-Rivera, “Practical 
Laboratory Methods for Pore Volume Compressibility Characterization in Different Rock 
Types”, presented at the 48th US Rock Mechanics / Geomechanics Symposium, 
Minneapolis, MN, USA, 1 – 4 June 2014, ARMA 14-7532.  


• (Chiquet and Broseta, 2005): P. Chiquet and D. Broseta, “Capillary alteration of shale 
caprocks by carbon dioxide”, SPE special publication Mo. 94183, doi:10.2118/94183-MS.  


• (Chiquet et al., 2006): P. Chiquet, J. L. Daridon, D. Broseta and S. Thibeau, “CO2/water 
interfacial tension under temperature and pressure conditions for CO2 geologic storage”, 
Energy Conversion and Management, V.48, pg. 736-744. 


• (CMG, 2021): www.cmgl.ca/gem 







• (Collins, 2021): Dan Collins, GeoStock, Houston, Texas, USA, private communication. 


• (Dake, 1978): L. P. Dake, “Fundamentals of Reservoir Engineering”, Elsevier, 
Amsterdam, 1978. 


• (Darcy, 1856): H. Darcy, “Les fontaines publiques de la ville de Dijon”, Paris, Dalmont. 


• (Deutsch, 2002): Geostatistical Reservoir Modelling. Chapter 4.5, p131 


• (Diamond and Akinfiev, 2003): L.W. Diamond and N.N. Akinfiev, “Solubility of CO2 in 
water from -1.5 to 100 oC and from 0.1 to 1000 MPa: evaluation of literature data and 
thermodynamic modelling”, Fluid Phase Equilibria, 208 (2003) 265-290. 


• (Doughty et al., 2007): C. Doughty, B. Freifeld and R. Trautz, “Site characterisation for 
CO2 geologic storage and vice versa: the Frio brine pilot, Texas, USA as a case study”, 
LBNL, 2007. 


• (Dudley et al., 2016): J.W. Dudley, M. Brignoli, B. R. Crawford and R.T. Ewy, “ISRM 
Suggested Method for Uniaxial-Strain Compressibility Testing for Reservoir 
Geomechanics”, Rock Mechanics and Rock Engineering, 49 (10) 4153 – 4178, 
http://doi.org/10.1007/s00603-016-1055-4. 


• (Engelder and Leftwich, 1997): T. Engelder and J.T. Leftwich Jr., “A pore-
pressure limit in overpressured South Texas oil and gas fields”, in R.C. Surdam ed, 
Seals, traps and the petroleum system: AAPG Memoir 67, p255-267. 


• EPA Guidance Class VI – AOR: https://www.epa.gov/uic/class-vi-wells-used-
geologic-sequestration-co2. 


• (Fjaer et al., 2008): E. Fjaer, R.M. Holt, P. Horsrud, A.M. Raaen and R. Risnes, 
“Petroleum Related Rock Mechanics”, Elsevier, 2nd edition, 2008. 


• (Flroozabadl, 1988): Flroozabadl, A, Nutakki, R, Wong, T W, and Aziz, K. EOS 
predictions of compressibility and phase behavior in systems containing water, 
hydrocarbons, and CO/sub 2/. United States: N. p., 1988 


• (Frick and Taylor, 1962): T.C. Frick (Editor in Chief), R.W. Taylor (Associate 
Editor), “Petroleum Production Handbook”, McGraw Hill Book Company, 1962. 


• (Garcia, 2001): J.E. Garcia, “Density of aqueous solutions of CO2”, report LBNL-
49023, Lawrence Berkeley National Laboratory, October 2001. 


• (Geertsma, 1957): J. Geertsma, “The Effect of Fluid Pressure Decline on 
Volumetric Changes of Porous Rocks”, Trans., AIME (1957) 210, 331 – 340. 


• (Gennes et al., 2004): P.-G. de Genes, F. Brochard-Wyart and D. Quere, 
“Capillarity and wetting phenomena: Drops, Bubles, Pearls, Waves”, Springer, New 







York, 2006. 


• (Ghanbari et al., 2006): S. Ghanbari, Y. Al-Zaabi, G. E. Pickup, E. Mackay, F. 
Gozalpour and A. C. Ford, “Simulation of CO2 storage in saline aquifers”, Trans. 
IChemE, Part A September 2006, Chemical Engineering Research and Design, 84 
(A9), 764-775. 


• (Ghomian et al., 2008): Yousef Ghomian, Gary A. Pope and Kamy Sepehrnoori, 
“Reservoir simulation of CO2 sequestration pilot in Frio brine formation, USA Gulf 
Coast”, Energy 22 (2008) 1055-1067. 


• (Gill, 1982): A.E. Gill, “Atmosphere-ocean dynamics”, Academic Press, Mew York 
(1982). 


• (Gollakota and McDonald, 2014): S. Gollakota and S McDonald, “Commercial-
scale CCS project, Illinois – Construction Status and Operational Plans for 
Demonstration”, GHGT-12, Energy Procedia 63 (2014) 5986 – 5993. 


• (Gundogan, 2011): O. Gundogan, “Geochemical modelling of CO2 storage”, PhD thesis, 
Heriot-Watt University, June 2011. 


• (Gutierrez et al., 2001): M. Gutierrez, R.W. Lewis and I. Masters, “Petroleum Reservoir 
Simulation Coupling Fluid Flow and Geomechanics”, SPE 72095, 2001. 


• (Hanor and McIntosh, 2007): J.S. Hanor and J.C. McIntosh, “Diverse origins and 
timing of formation of basinal brines in the Gulf of Mexico sedimentary basin”, 
Geofluids (2007) 7, 227-237. 


• (Hnedkovsky et al., 1996): L. Hnedkovsky, R. Wood and V. Majer, “Volumes of 
aqueous solutions of CH4, CO2, H2S and NH3 at temperatures from 298.15 K to 705 
K and pressures to 35 MPa”, Journal of Chemical Thermodynamics, Vol. 28, pp 
125-142, 1996. 


• (Hosseini, 2019):  Seyyed Hosseini of the Bureau of Economic Geology at the 
University of Texas in Austin, Texas, USA, private communication. 


• (Hovorka, 2006): Frio Brine Storage Experiment—Lessons Learned, 2006, Environ. 
Geoscience 13 (2), 105 S. Hovorka 


• (Hovorka et al, 2007): FRIO FINAL TECHNICAL REPORT (osti.gov) 


• (Hovorka et al., 2008): S. Hovorka et al,  www.osti.gov; “Frio final technical report 
– OSTI.gov”.  


• (Hovorka et al., 2018): Susan D. Hovorka, Peter Tutton, Ramón H. Treviño 
“Feasibility study of CO2 storage in saline formations in the region of the planned 
Lake Charles Methanol Plant”, Final Report, Gulf Coast Carbon Center, Bureau of 







Economic Geology, Jackson School of Geosciences, The University of Texas at 
Austin, July 30, 2018.  


• (Iglauer et al., 2015): S. Iglauer, C. H. Pentland and A. Busch, “CO2 wettability of 
seal and reservoir rocks and the implications for carbon geo-sequestration: Water 
Resources Research, v. 51, pg. 729 – 774.  


• (Jaeger and Cook, 1976): J.C. Jaeger and N.G.W. Cook, “Fundamentals of Rock 
Mechanics”, Chapman and Hall, London (1976). 


• (Jamieson et al., 1969): D.T. Jamieson, J.S. Tudhope, R. Morris and G. Cartwright, 
“Physical properties of sea-water solutions: heat capacity”, Desalination, 7 
(1969/70) 23-30. 


• (Jamieson et al., 1970): D.T. Jamieson, J.S. Tudhope, R. Morris and G. Cartwright, 
“Physical properties of sea-water solutions: thermal conductivity”, Desalination, 8 
(1970) 393-401. 


• (Jerauld, 1997): G. R. Jerauld, “General three-phase relative permeability model 
for Prudhoe Bay2, SPE Reservoir Eval. Eng., 12(4), 255 – 263. 


• (Juanes et al., 2006): R. Juanes, E.J. Spiteri, F.M. Orr and M.J. Blunt, “Impact of 
relative permeabilities on geological CO2 storage”, Water Resources Research, 
Vol.42 W12418, 2006. 


• (Jun et al., 2012): Young-Shin Jun, Daniel E. Giammar, and Charles J. Werth, “Impacts 
of Geochemical Reactions on Geologic Carbon Sequestration”, Environmental science 
and technology Nov 2012. 


• (Jung et al., 2017): H. Jung, G. Singh, N. Espinoza and M. F. Wheeler, “An 
integrated case study of the Frio CO2 sequestration pilot test for safe and effective 
carbon storage including compositional flow and geomechanics”, SPE Reservoir 
Simulation Conference, Montgomery, Texas, USA, 20-22 February 2017, SPE 
182710-MS. 


• (Kampman et al., 2014): N. Kampman, M. Bickle, M. Wigley, B. Dubacq, “Fluid flow 
and CO2-fluid-mineral interactions during CO2-storage in sedimentary basins”, Chemical 
Geology 369 (2014) 22-50. 


• (Kestin et al., 1981a): J. Kestin, H.E. Khalifa and R.J. Correia, “Tables of dynamic 
and kinematic viscosity of aqueous KCl solutions in the temperature range 25 – 150 
oC and the pressure range 0.1 – 35 MPa”, Journal of Physical Chemistry Reference 
Data, 10, 57 – 70, (1981). 


• (Kestin et al., 1981b): J. Kestin, H.E. Khalifa and R.J. Correia, “Tables of dynamic 
and kinematic viscosity of aqueous NaCl solutions in the temperature range 25 – 
150 oC and the pressure range 0.1 – 35 MPa”, Journal of Physical Chemistry 







Reference Data, 10, 71 - 87, (1981). 


• (Kemp et al., 1989): N.P. Kemp, D.C. Thomas, G. Atkinson and B.L. Atkinson, 
“Density modelling for brines as a function of composition, temperature and 
pressure”, SPE production Engineering, 4, 394 – 400 (1989). 


• (Kharaka et al., 1988): K.A. Kharaka, W.D. Gunter, P.K.  Aggarwel. E.H. Perkins 
and J.D. DeBraal, “SOLMINEQ.88: A computer program for geochemical 
modelling of water-rock interactions”, U.S. Geological Survey Water Resources 
Investigations Report 88-4227, pg.314-420. 


• (Kharaka et al., 2006): Y.K.Kharaka, D.R.Cole, S.D. Hovorka, W.D. Gunter, K.G. 
Knauss and B.M. Freifield, “Gas-water-rock interactions in Frio formation 
following CO2 injection: Implications for the storage of greenhouse gases in 
sedimentary basins”, Geology, July 2006, v.34, no.7, 577-580. 


• (Kharaka et al., 2009): Y. K. Kharaka, J. J. Thordsen, S. D. Hovorka, H. S. Nance, D. 
R. Cole, T. J. Phelps, K.G. Knauss, ”Potential environmental issues of CO2 storage in 
deep saline aquifers: Geochemical results from the Frio-I Brine Pilot test, Texas, USA 
Applied Geochem 24(6): 1106-1112 2009  


• (Killough, 1976): J.E. Killough, “Reservoir simulation with history-dependent 
saturation functions”, Soc. Pet. Eng. J., 16(1), 37-48, 1976. 


• (Krevor et al., 2012): S.C.M. Krevor, R. Pini, L. Zuo and S.M. Benson, “Relative 
permeability and trapping of CO2 and water in sandstone rocks at reservoir 
conditions”, Water Resources Research, Vol.48, W02532, 2012. 


• (Kumar, 2004): A. Kumar, “A simulation study of carbon dioxide sequestration in deep 
saline aquifers”, M.Sc. thesis, University of Texas at Austin, 2004. 


• (Kumar et al., 2005): A. Kumar, M. Noh, G.A. Pope, S. Bryant, K. Sepehrnoori and L.W. 
Lake, “Reservoir simulation of CO2 storage in deep saline aquifers”, SPE Journal, 
September 2005, pp 336 – 348. 


• (Land, 1964): C. S. Land, “The optimum gas saturation for maximum oil recovery from 
displacement by water”, SPE 2216, presented at the SPE-AIME 43rd Annual Fall Meeting, 
Denver, Colorado, USA, 29 September – 2 October, 1969. 


• (Li et al., 2012): X. Li, E. Boek, G. Maitland and J.P. Trusler, “Interfacial tension of 
(Brines + CO2): (0.864 NaCl + 0.136 KCl) at temperatures between (298 and 448) K, 
pressures between (2 and 50) MPa, and total molalities of (1 to 5) mol kg-1”, J. Chem. Eng. 
Data 2012, 57, 1078-1088. 


• (Liu et al., 2016): Y. Liu, H. Li and R. Okuno, “Measurements and modelling of interfacial 
tension for CO2/CH4/Brine systems under reservoir conditions”, Ind. Eng. Chem. Res., 
2016, 55, 12358-12375. 







• (Lohrenz et al, 1964): J. Lohrenz, B. C. Bray and C. R. Clark, “Calculating viscosities of 
reservoir fluids from their compositions”, JPT, (October 1964), 1171. 


• (Loucks et al., 1984): Loucks, R.G., Dodge, M.M., and Galloway, W.E., “Regional 
controls on diagenesis and reservoir quality in Lower Tertiary sandstones along the Texas 
Gulf Coast”, in Clastic diagenesis, Part 1—Concepts and principles: American Association 
of Petroleum Geologists Special Volume M 37, v. A059, pg. 15–45, 1984. 


• (Loucks, 2005): Loucks, R.G., “Revisiting the importance of secondary dissolution pores 
in Tertiary sandstones along the Texas Gulf Coast”,  Gulf Coast Association of Geological 
Societies Transactions, v. 55, pg. 447–455, 2005. 


• (Lu et al., 2017): J. Lu, D.L. Carr, R.H. Trevino, J-L. T. Rhatigan and R. Fifariz, 
“Evaluation of Lower Miocene Confining Units for CO2 Storage, Offshore Texas State 
Waters, Northern Gulf of Mexico, USA”, in Geological CO2 Sequestration Atlas of 
Miocene Strata, Offshore Texas State Waters, Bureau of Economic Geology, 2017. 


• (Makowitz et al., 2006): Makowitz, A., Lander, R.H., and Milliken, K.L., “Diagenetic 
modeling to assess the relative timing of quartz cementation and brittle grain processes 
during compaction”, American Association of Petroleum Geologists Bulletin, v. 90, no. 6, 
pg. 873–885, 2006. 


• (Mathias et al., 2013): S. Mathias, J. Gluyas, G. Gonzalez S. Bryant and D. Wilson, “On 
relative permeability data uncertainty and CO2 injectivity estimation for brine aquifers”, 
Int. J. Greenhouse Gas Control 12, 200 – 212, January 2013.    


• (McCain, 1991): W.D. McCain Jr, “Reservoir fluid property correlations – state of the 
art”, SPE Reservoir Engineering, 6, 266 – 272 (1991).  


• (Meckel, 2010): T. Meckel, “Capillary seals for trapping carbon dioxide (CO2) in 
underground reservoirs, in Matroto-Valer M. M. editor, Developments and innovation in 
carbon dioxide (CO2) capture and storage technology: Woodhead publishing series in 
energy, V.2, pg. 185-202.  


• (Meckel et al., 2017): T.A. Meckel, A.J. Nicholson and R.H. Trevino, “Capillary Aspects 
of Fault-Seal Capacity for CO2 Storage, Lower Miocene, Texas Gulf of Mexico”, in 
Geological CO2 Sequestration Atlas of Miocene Strata, Offshore Texas State Waters, 
Bureau of Economic Geology, 2017. 


• (Müller, 2011): N. Müller, “Supercritical CO2-brine relative permeability experiments in 
reservoir rocks – Literature review and recommendations”, Transp. Por. Media, 2011, 
87(2), 367 – 383.  


• (Nagihara, 2010): S. Nagihara, “Characterization of the sedimentary thermal regime along 
the Corsair growth-fault zone, Texas continental shelf, using corrected bottomhole 
temperatures”, AAPG Bulletin, v.94, p923-935. 







• (Nelson, 2009): P. H. Nelson, “Pore-throat sizes in sandstones, tight sandstones, and 
shales”, AAPG Bulletin, V.93, No.3 (March 2009), pg.329-340. 


• (Nicholson, 2012): A.J. Nicholson, “Empirical analysis of fault seal capacity for CO2 
sequestration. Lower Miocene, Texas Gulf Coast”, University of Texas, Austin, MSc 
Thesis. 


• (Nicot et al., 2009): J-P Nicot, C.M. Oldenburg, S.L. Bryant and S.D. Hovorka, “Pressure 
perturbations from geologic carbon sequestration: Area-of-review boundaries and borehole 
leakage driving forces”, Energy Procedia, 1 (2009) 47-54. 


• (Nighswander et al., 1989): J.A. Nighswander, N. Kalogerakis and A. K. Mehrotra, 
“Solubilities of carbon dioxide in water and 1 wt.% sodium chloride solutions at pressures 
up to 10 MPa and temperatures from 80 to 200oC”, Journal of Chemical and Engineering 
Data, Vol.34, pp 355-360, 1989. 


• (Nur and Bayerlee, 1971): A. Nur and J.D. Bayerlee, “An exact effective stress law for 
elastic deformation of rock with fluids”, Jour. Geophys. Res. 76, 6414 – 6419, 1971. 


• (Oak, 1990): M. J. Oak, “Three phase relative permeability of water-wet Berea”, SPE 
20183-MS, SPE/DOE 20183, 1990, SPE Richardson, Texas, USA. 


• (Ong et al., 2001): S. Ong, Z. Zheng and R. Chhhajlani, “Pressure-Dependent Pore 
Volume Compressibility – A Cost Effective Log-Based Approach”, presented at the SPE 
Asia Pacific Improved Oil Recovery Conference, Kuala-Lumpur, Malaysia, 8 – 9 October 
1991, SPE 72116. 


• (Parkinson and Nevers, 1969): W. Parkinson and N.D. Nevers, “Partial molal volume of 
carbon dioxide in water solutions”, Industrial and Engineering Chemistry Fundamentals, 
Vol. 8, No.4, pp 709-713, 1969. 


• (Peng and Robinson, 1976): D.Y. Peng and D.B. Robinson, “A new two-constant 
equation of state”, Industrial and Engineering Chemistry: Fundamentals, 15 59-64, 1976. 


• (Pentland et al., 2011): C. H. Pentland, R. El-Maghraby, S. Iglauer and M. J. Blunt, 
“Measurements of the capillary trapping of super-critical carbon dioxide in Berea 
sandstone”, Geophys. Res. Lett., 38, L06401 (2011) 


• (Perrin and Benson, 2010): J-C. Perrin and S. M. Benson, “An experimental study on the 
influence of sub-core scale heterogeneities on CO2 distribution in reservoir rocks”, Transp. 
Por. Media, 2010; 82(1), 93 – 109. 


• (Petroleum Experts, 2020): Petroleum Experts Limited, Petex House, 10 Logie Mill, 
Edinburgh, EH7 4HG, United Kingdom; www.petex.com; email: edinburgh@petex.com. 







• (Phillips et al., 1981): S.L. Phillips, A. Igbenc, J.A. Fair, H. Ozbek and M. Tavana, “A 
technical databook for geothermal energy utilization”, Lawrence Berkeley Laboratory 
Report 12810 (1981). 


• (Potter and Brown, 1977): R.W. Potter II and D.L. Brown, “The volumetric properties of 
sodium chloride solutions from 0 to 500 oC at pressures up to 2000 bars based on a 
regression of available data in literature”, US Geological Survey Bulletin, 1421-1, 1971.   


• (Press and Siever, 1985): F Press and R Siever, “Earth”, Freeman, 4’th edition, New York 
1985. 


• (Pyrcz and Deutsch, 2014): Michael J. Pyrcz and Clayton V. Deutsch, “Geostatistical 
Reservoir Modeling”, Second Edition, Published May 2014, ISBN: 9780199731442 


• (Ramos et al., 1994): G. Ramos, K. Katahara, R. Keck and M. Batzle, “In-situ stress 
predictions and measurements in an unconsolidated sandstone formation, the Lower Frio, 
East Texas”, Rock Mechanics, Nelson and Laubach (eds), Balkema, Rotterdam, 
Netherlands 1994. 


• (Ringrose et al., 2021): P. Ringrose, A. Furre, S. Gilfillan, S. Krevor, M. Landro, R. 
Leslie, T. Meckel, B Nazarian and A Zahid “Storage of Carbon Dioxide in Saline 
Aquifers”, Physicochemical Processes, Key Constraints and Scale-up Potential, Annu. 
Rev Chem. Biomol. Eng. 2021 12:471-94,  


• (Robertson, 1988): E. C. Robertson, “Thermal Properties of Rocks”, USGS Report 88-
441, 1988. 


• (Rowe and Chou, 1970): A. N. Rowe and J.C.S. Chou, “Pressure-volume-temperature-
concentration relation of aqueous NaCl solutions”, Journal of Chemical Engineering Data, 
15, 61 – 66 (2002). 


• (Rumpf et al., 1994): B. Rumpf, H. Nicolaisen, C. Ocal, and G. Maurer, “Solubility of 
carbon dioxide in aqueous solutions of sodium chloride: Experimental results and 
correlations”, Journal of Solution Chemistry, Vol.23, No.3, pp 431-438, 1994.   


• (Sakurai et al., 2005): S. Sakurai, A. Boyd, N. Muller and S. Hovorka, “Monitoring 
saturation changes for CO2 sequestration: petrophysical support of the Frio brine pilot 
experiment”, SPWLA 46’th Annual Logging Symposium, New Orleans, Louisiana, USA, 
26-29 June 2005. 


• (Scharlin, 1996): P. Scharlin, “Carbon dioxide in water and aqueous electrolyte solutions”, 
vol.62. Solubility data series. Oxford UK: Oxford University Press, International Union of 
Pure and Applied Chemistry; 1996. 


• (Schlumberger, 2021a): www.software.slb.com/products/petrel/petrel-geology-and-
modeling 







• (Schlumberger, 2021b): www.software.slb.com/products/eclipse 


• (Segall and Fitzgerald, 1996): P. Segall and S.D. Fitzgerald, “A note on induced stress in 
hydrocarbon and geothermal reservoirs”, Tectonophysics, 289 (1998) 117 – 128. 


• (Seni et al., 1997): S.J. Seni, T.F. Hentz, W.R. Kaiser, and E.G. Wermund, editors, “Atlas 
of northern Gulf of Mexico gas and oil reservoirs, Volume 1, Miocene and older reservoirs, 
Texas”, University of Texas, Austin, Bureau of Economic Geology, 1997. 


• (Shagiakhmetov and Tarzimanov, 1982): R.A. Shagiakhmetov, and A.A. Tarzimanov, 
1981, SPSTL 200 KHPD 81, 1982. 


• (Shi et al., 2011): J-Q. Shi, Z, Xue and S. Durucan, “Supercritical core flooding and 
imbibition in Tako sandstone – influence of sub-core scale heterogeneity”, Int. J. 
Greenhouse Gas Control, 2011, 5(1), 75 – 87. 


• (Simonson et al., 1994): J.M. Simonson, C.S. Oakes and R.J. Bodnar, “Densities of 
NaCl(aq) to the temperature 523 K at pressures to 40 MPa measured with a new vibrating-
tube densitometer”, Journal of Chemical Thermodynamics, Vol.26, pp 345-359, 1994. 


• (Spiteri and Juanes, 2006): E. J. Spiteri and R. Juanes, “Impact of relative permeability 
hysteresis on the numerical simulation of WAG injection”, J. Pet. Sci., 50(2), 115 – 139. 


• (Spiteri et al., 2005): E. J. Spiteri, R. Juanes, M. J. Blunt and F. M. Orr Jr., “Relative 
permeability hysteresis: Trapping models and applications to geological sequestration”, 
SPE Annual Technical Conference and Exhibition, Dallas, Texas, USA, 2005 (SPE 
96448). 


• (Spiteri et al., 2008): E. J. Spiteri, R. Juanes, M. J. Blunt and F. M. Orr, “A new model of 
trapping and relative permeability hysteresis for all wettability characteristics”, SPE J. 
13(3), 277 – 288. 


• (Suekane et al., 2008): T. Suekane, T. Nobuso, S. Hirai and M. Kiyota, “Geological 
storage of carbon dioxide by residual gas and solubility trapping”, Int. J. Greenhouse Gas 
Control, 2008, 2(1), 58 – 64. 


• (Sun et al., 2008): H. Sun, R. Feistel, M. Koch and A. Markoe, “New equations for density, 
entropy, heat capacity and potential temperature of a saline thermal fluid”, Deep-Sea 
Research pg. 1304 – 1310. 


• (Swanson et al., 2013): S.M. Swanson, A.W. Karlsen, B.J. Valentine, “Geologic 
Assessment of Undiscovered Oil and Gas Resources – Oligocene Frio and Anahuac 
Formations, United States Gulf of Mexico Coastal Plain and State Waters”, U.S. 
Geological Survey, Open-File report 2013-1257, 2013. 


• (Teeuw, 1971): D. Teeuw, “Prediction of Reservoir Compaction form Laboratory 
Compressibility Data”, SPEJ, (September 1971), 263 – 271.  







• (Teng et al., 1997): H. Teng, A. Yamasaki, M.K. Chun and H. Lee, “Solubility of liquid 
CO2 in water at temperatures from 278 K to 293 K and pressures from 6.44 MPa to 29.49 
MPa and densities of the corresponding aqueous solutions”, Journal of Chemical and 
Engineering data, Vol.29, pp 1301-1310, 1997. 


• (Timmerman, 1982): E. H. Timmerman, “Practical Reservoir Engineering”, Penwell, 
Technology and Engineering, 1982. 


• (Timoshenko and Goodier, 1970): S.P. Timoshenko and J.N. Goodier, “Theory of 
Elasticity”, 3’rd edition, McGraw-Hill International Editions, London, 1970. 


• (Vinsome and Westerveld, 1980): P. K. Vinsome and J. Westerveld, “A simple method 
of predicting cap and base rock heat losses in thermal recovery simulators”, J. Can, Pet. 
Tech, 1980. 


• (Wagner and Pruβ, 2002): W. Wagner and A. Pruβ, “The IAPWS Formulation 1995 for 
the thermodynamic properties of ordinary water substance for general and scientific use”, 
J. Phys. Chem. Ref. Data, Vol.31, No.2, pp 387-535, 2002. 


• (Wallace et al., 2017): K.J. Wallace, C.H. Rhatigan, R.H. Trevino and T.A. Meckel, 
“Estimating CO2 storage in a saline aquifer using 3D flow models, Lower Miocene, Texas 
Gulf of Mexico”, in Geological CO2 Sequestration Atlas of Miocene Strata, Offshore Texas 
State Waters, Bureau of Economic Geology, 2017. 


• (Welge, 1952): H.J. Welge, “A simplified method for computing oil recovery by gas or 
water drive”, Trans AIME, 195, 91-98 (1952). 


• (Wesson and Nicholson, 1987): R. L. Wesson and C. Nicholson, “Zero Cohesion Mohr-
Coulomb failure criterion”, method by E.I. du Pont de Nemours & Co. (1987). 


• (Xu et al., 2004): T. Xu, J.A. Apps and K. Preuss, “Numwerical simulation of CO2 
disposal by mineral trapping in deep aquifers”, Applied Geochemistry, 19 (6); 917. 


• (Xu, 2010): T. Xu et al, “Reactive transport modelling to study changes in water 
chemistry induced by CO2 injection at the Frio-I Brine Pilot”, Chemical Geology 2010 
271(3-4): p. 153-164. 


• (Yale et al., 1993): D.P. Yale, G.W. Nabor and J.A. Russell, “Application of variable 
formation compressibility for improved reservoir analysis”, presented at the 58th Annual 
Technical Conference and Exhibition of the Society of Petroleum Engineers, Houston, 
Texas, USA, 3 – 6 October 1993, SPE 26647. 


• (Yang and Aplin, 2007): Y. Yang and A. Aplin, “Permeability and petrophysical 
properties of 30 natural mudstones”, J. Geophys. Res., 112, B03206, doi 
0.1029/2005JB004243. 







• (Zarembo and Fedorov, 1975): V.I. Zarembo and M.K. Fedorov, “Density of sodium 
chloride solutions in the temperature range 25 – 350 oC at pressures up to 100kg/cm2”, 
Journal of Applied Chemistry USSR, 48, 2021 – 2024, 1975. 


• (Zaytsev and Aseyev, 1992): I.D. Zaytsev and G.G. Aseyev, “Properties of aqueous 
solutions of electrolytes”, CRC Press, 1992. 


• (Zeidouni et al., 2009): M. Zeidouni, M. Pooladi-Darvish and D. Keith, “Sensitivity 
analysis of salt precipitation and CO2-brine displacement in saline aquifers”, 2009 SPE 
International Conference on CO2 Capture, Storage and Utilization, San Diego, California, 
USA, 2-4 November 2009, SPE 126690. 


• (Zheng et al., 2019): X. Zheng, Z. Sun, and D. N. Espinoza, “Uniaxial strain unloading 
compressibility of Frio sand: Measures and implications of reservoir pressure management 
for CO2 storage”, 53rd US Rock Mechanics/Geomechanics Symposium, New York, NY, 
USA, 23-26 June 2019. 


• (Zimmerman, 1990): R.W. Zimmerman, “Compressibility of sandstones”, Developments 
in Petroleum Science 29”, Elsevier, 1990 


• (Zobeck, 1980): M.L. Zobeck and M. Zobeck, “State of stress in conterminous United 
States”, Journal of Geophysical Research, v.85, p6113-6156. 


• (Zuo et al., 2012): L. Zuo, S. Krevor, R. W. Falta and S. M. Benson, “An experimental 
study of CO2 exsolution and relative permeability measurements during CO2 
depressurization”, Transp. Por. Media, 2012, 91, 459 – 478.  


 
 












ENVIRONMENTAL PROTECTION AGENCY (“EPA”) 


UNDERGROUND INJECTION CONTROL PROGRAM 


CLASS VI PERMIT (40 CFR SUBPART H § 146.81- 146.95)  


GULF COAST SEQUESTRATION LLC 


PROJECT MINERVA 


 


Pursuant to 40 CFR Subpart H § 146.84, this section of the Project Minerva Class VI Permit related to the 


Area of Review and Corrective Action Plan is being submitted to Ken Johnson, Regional Director Region 


VI of the EPA, as Confidential Business Information.  












Area of Review and Corrective Action Plan for Project Minerva 


Permit Number: Page 2 of 2 


CONFIDENTIAL BUSINESS INFORMATION 


(b) (4)












ENVIRONMENTAL PROTECTION AGENCY (“EPA”) 


UNDERGROUND INJECTION CONTROL PROGRAM 


CLASS VI PERMIT (40 CFR SUBPART H § 146.81- 146.95)  


GULF COAST SEQUESTRATION LLC 


PROJECT MINERVA 


 


Pursuant to 40 CFR Subpart H § 146.84, this section of the Project Minerva Class VI Permit related to the 


Area of Review and Corrective Action Plan is being submitted to Ken Johnson, Regional Director Region 


VI of the EPA, as Confidential Business Information.  








ENVIRONMENTAL PROTECTION AGENCY (“EPA”) 


UNDERGROUND INJECTION CONTROL PROGRAM 


CLASS VI PERMIT (40 CFR SUBPART H § 146.81- 146.95)  


GULF COAST SEQUESTRATION LLC 


PROJECT MINERVA 


 


Pursuant to 40 CFR Subpart H § 146.84, this section of the Project Minerva Class VI Permit related to the 


Area of Review and Corrective Action Plan is being submitted to Ken Johnson, Regional Director Region 


VI of the EPA, as Confidential Business Information.  








The material in this document is duplicative of the contents of AoR Section 2.2.15, beginning at page
70. Please refer to the redacted version of the complete AoR provided via the ShareFile for tailored
CBI claims.


(b) (4)







(b) (4)







(b) (4)







(b) (4)







(b) (4)







(b) (4)







(b) (4)







(b) (4)







(b) (4)







(b) (4)







(b) (4)







(b) (4)







(b) (4)







(b) (4)







2.0 References 


• (Adams and Bachu, 2002): J. J. Adams and S. Bachu, “Equations of state for basin 
geofluids: algorithm review and intercomparison of brines”, Geofluids (2002), 2, 257 – 
271. 


• (Akbarabadi and Piri, 2013): M. Abarabadi and M. Piri, “Relative permeability 
hysteresis and capillary trapping characteristics of supercritical CO2/brine systems: An 
experimental study at reservoir conditions”, Adv. Wat. Res., 52, 190 – 206, February 2013. 


• (Al-Menhali et al., 2015): A. Al-Menhali, B. Niu and S Krevor, “Capillarity and wetting 
of carbon dioxide and brine during drainage in Berea sandstone at reservoir conditions”, 
Water Resources Research 51, 7895-7914, 2015, doi: 10.1002/2015SWR016947. 


• (Amyx et al, 1960): J.W. Amyx, D. M. Bass Jr., R. L. Whiting, “Petroleum Reservoir 
Engineering, McGraw-Hill, New York, 1960. 


• (Aziz and Settari, 1979): K. Aziz and A Settari, “Petroleum Reservoir Simulation”, 
Springer, Netherlands. 


• (Bachu and Bennion, 2008): S. Bachu and B. Bennion, “Effects of in-situ conditions on 
relative permeability characteristics of CO2-brine systems”, Environ. Geol., 54, 1707-
1722. 


• (Bachu and Bennion, 2009): S. Bachu and B. Bennion, “Interfacial tension between CO2, 
fresh-water, and brine in the range of pressures (2 to 27) MPa, temperature (20 to 125) C, 
and water salinity from (0 to 334 000) mgl-1, J. Chem. Eng. Data, 54, 765-775.   


(b) (4)







• (Bachu, 2013): S. Bachu, “Drainage and imbibition CO2/brine relative permeability curves 
at in situ conditions for sandstone formations in western Canada”, GHGT-11, Energy 
Procedia, 37 (2013), 4428 – 4436. 


• (Baines and Worden, 2004): S Baines and R Worden, The long-term fate of CO2 in the 
subsurface: natural analogues for CO2 storage, 2004 Geological Society Volume 233 
P59-85 


• (Batzle and Wang, 1992): M. Batzle and Z. Wang, “Seismic properties of pore fluids”, 
Geophysics, 57, 1396 – 1408, (1992). 


• (Bennion and Bachu, 2008): D. B. Bennion and S. Bachu, “Drainage and imbibition 
relative permeability relationships for supercritical CO2/brine and H2S/brine systems in 
intergranular sandstones, carbonate, shale and anhydrite rocks”, SPE Res. Eval. & Eng., 
2008, 11, 487-496. 


• (Bennion and Bachu, 2010): D. B. Bennion and S. Bachu, “Drainage and imbibition 
relative permeability curves at reservoir conditions for carbonate formations”, SPE paper 
134028, SPE Annual Technical Conference and Exhibition, 19-22 September, Florence, 
Italy, 2010. 


• (Brooks and Corey, 1964): R.H. Brooks and A. T. Corey, “Hydraulic properties of porous 
media”, Colorado State University, Hydro Paper No.5, (1964). 


• (Carlson, 1981): F.M. Carlson, “Simulation of relative permeability hysteresis to the 
nonwetting phase”, SPE 10157-MS, Richardson, Texas, USA. 


• (Carter and Tracy, 1960): R.D. Carter and G.W. Tracy, “An Improved Method for 
Calculating Water Influx”, Trans., AIME, 219, 415 – 417, 1960. 


• (Chalbaud et al., 2006): C. Chalbaud, M. Robin and P. Egerman, “Interfacial tension data 
and correlations of brine-CO2 systems under reservoir conditions”, SPE Annual Technical 
Conference and Exhibition, 2006, SPE paper 102918-MS.  


• (Chertov and Suarez-Rivera, 2014): M.A. Chertov and R. Suarez-Rivera, “Practical 
Laboratory Methods for Pore Volume Compressibility Characterization in Different Rock 
Types”, presented at the 48th US Rock Mechanics / Geomechanics Symposium, 
Minneapolis, MN, USA, 1 – 4 June 2014, ARMA 14-7532.  


• (Chiquet and Broseta, 2005): P. Chiquet and D. Broseta, “Capillary alteration of shale 
caprocks by carbon dioxide”, SPE special publication Mo. 94183, doi:10.2118/94183-MS.  


• (Chiquet et al., 2006): P. Chiquet, J. L. Daridon, D. Broseta and S. Thibeau, “CO2/water 
interfacial tension under temperature and pressure conditions for CO2 geologic storage”, 
Energy Conversion and Management, V.48, pg. 736-744. 


• (CMG, 2021): www.cmgl.ca/gem 







• (Collins, 2021): Dan Collins, GeoStock, Houston, Texas, USA, private communication. 


• (Dake, 1978): L. P. Dake, “Fundamentals of Reservoir Engineering”, Elsevier, 
Amsterdam, 1978. 


• (Darcy, 1856): H. Darcy, “Les fontaines publiques de la ville de Dijon”, Paris, Dalmont. 


• (Deutsch, 2002): Geostatistical Reservoir Modelling. Chapter 4.5, p131 


• (Diamond and Akinfiev, 2003): L.W. Diamond and N.N. Akinfiev, “Solubility of CO2 in 
water from -1.5 to 100 oC and from 0.1 to 1000 MPa: evaluation of literature data and 
thermodynamic modelling”, Fluid Phase Equilibria, 208 (2003) 265-290. 


• (Doughty et al., 2007): C. Doughty, B. Freifeld and R. Trautz, “Site characterisation for 
CO2 geologic storage and vice versa: the Frio brine pilot, Texas, USA as a case study”, 
LBNL, 2007. 


• (Dudley et al., 2016): J.W. Dudley, M. Brignoli, B. R. Crawford and R.T. Ewy, “ISRM 
Suggested Method for Uniaxial-Strain Compressibility Testing for Reservoir 
Geomechanics”, Rock Mechanics and Rock Engineering, 49 (10) 4153 – 4178, 
http://doi.org/10.1007/s00603-016-1055-4. 


• (Engelder and Leftwich, 1997): T. Engelder and J.T. Leftwich Jr., “A pore-
pressure limit in overpressured South Texas oil and gas fields”, in R.C. Surdam ed, 
Seals, traps and the petroleum system: AAPG Memoir 67, p255-267. 


• EPA Guidance Class VI – AOR: https://www.epa.gov/uic/class-vi-wells-used-
geologic-sequestration-co2. 


• (Fjaer et al., 2008): E. Fjaer, R.M. Holt, P. Horsrud, A.M. Raaen and R. Risnes, 
“Petroleum Related Rock Mechanics”, Elsevier, 2nd edition, 2008. 


• (Flroozabadl, 1988): Flroozabadl, A, Nutakki, R, Wong, T W, and Aziz, K. EOS 
predictions of compressibility and phase behavior in systems containing water, 
hydrocarbons, and CO/sub 2/. United States: N. p., 1988 


• (Frick and Taylor, 1962): T.C. Frick (Editor in Chief), R.W. Taylor (Associate 
Editor), “Petroleum Production Handbook”, McGraw Hill Book Company, 1962. 


• (Garcia, 2001): J.E. Garcia, “Density of aqueous solutions of CO2”, report LBNL-
49023, Lawrence Berkeley National Laboratory, October 2001. 


• (Geertsma, 1957): J. Geertsma, “The Effect of Fluid Pressure Decline on 
Volumetric Changes of Porous Rocks”, Trans., AIME (1957) 210, 331 – 340. 


• (Gennes et al., 2004): P.-G. de Genes, F. Brochard-Wyart and D. Quere, 
“Capillarity and wetting phenomena: Drops, Bubles, Pearls, Waves”, Springer, New 







York, 2006. 


• (Ghanbari et al., 2006): S. Ghanbari, Y. Al-Zaabi, G. E. Pickup, E. Mackay, F. 
Gozalpour and A. C. Ford, “Simulation of CO2 storage in saline aquifers”, Trans. 
IChemE, Part A September 2006, Chemical Engineering Research and Design, 84 
(A9), 764-775. 


• (Ghomian et al., 2008): Yousef Ghomian, Gary A. Pope and Kamy Sepehrnoori, 
“Reservoir simulation of CO2 sequestration pilot in Frio brine formation, USA Gulf 
Coast”, Energy 22 (2008) 1055-1067. 


• (Gill, 1982): A.E. Gill, “Atmosphere-ocean dynamics”, Academic Press, Mew York 
(1982). 


• (Gollakota and McDonald, 2014): S. Gollakota and S McDonald, “Commercial-
scale CCS project, Illinois – Construction Status and Operational Plans for 
Demonstration”, GHGT-12, Energy Procedia 63 (2014) 5986 – 5993. 


• (Gundogan, 2011): O. Gundogan, “Geochemical modelling of CO2 storage”, PhD thesis, 
Heriot-Watt University, June 2011. 


• (Gutierrez et al., 2001): M. Gutierrez, R.W. Lewis and I. Masters, “Petroleum Reservoir 
Simulation Coupling Fluid Flow and Geomechanics”, SPE 72095, 2001. 


• (Hanor and McIntosh, 2007): J.S. Hanor and J.C. McIntosh, “Diverse origins and 
timing of formation of basinal brines in the Gulf of Mexico sedimentary basin”, 
Geofluids (2007) 7, 227-237. 


• (Hnedkovsky et al., 1996): L. Hnedkovsky, R. Wood and V. Majer, “Volumes of 
aqueous solutions of CH4, CO2, H2S and NH3 at temperatures from 298.15 K to 705 
K and pressures to 35 MPa”, Journal of Chemical Thermodynamics, Vol. 28, pp 
125-142, 1996. 


• (Hosseini, 2019):  Seyyed Hosseini of the Bureau of Economic Geology at the 
University of Texas in Austin, Texas, USA, private communication. 


• (Hovorka, 2006): Frio Brine Storage Experiment—Lessons Learned, 2006, Environ. 
Geoscience 13 (2), 105 S. Hovorka 


• (Hovorka et al, 2007): FRIO FINAL TECHNICAL REPORT (osti.gov) 


• (Hovorka et al., 2008): S. Hovorka et al,  www.osti.gov; “Frio final technical report 
– OSTI.gov”.  


• (Hovorka et al., 2018): Susan D. Hovorka, Peter Tutton, Ramón H. Treviño 
“Feasibility study of CO2 storage in saline formations in the region of the planned 
Lake Charles Methanol Plant”, Final Report, Gulf Coast Carbon Center, Bureau of 







Economic Geology, Jackson School of Geosciences, The University of Texas at 
Austin, July 30, 2018.  


• (Iglauer et al., 2015): S. Iglauer, C. H. Pentland and A. Busch, “CO2 wettability of 
seal and reservoir rocks and the implications for carbon geo-sequestration: Water 
Resources Research, v. 51, pg. 729 – 774.  


• (Jaeger and Cook, 1976): J.C. Jaeger and N.G.W. Cook, “Fundamentals of Rock 
Mechanics”, Chapman and Hall, London (1976). 


• (Jamieson et al., 1969): D.T. Jamieson, J.S. Tudhope, R. Morris and G. Cartwright, 
“Physical properties of sea-water solutions: heat capacity”, Desalination, 7 
(1969/70) 23-30. 


• (Jamieson et al., 1970): D.T. Jamieson, J.S. Tudhope, R. Morris and G. Cartwright, 
“Physical properties of sea-water solutions: thermal conductivity”, Desalination, 8 
(1970) 393-401. 


• (Jerauld, 1997): G. R. Jerauld, “General three-phase relative permeability model 
for Prudhoe Bay2, SPE Reservoir Eval. Eng., 12(4), 255 – 263. 


• (Juanes et al., 2006): R. Juanes, E.J. Spiteri, F.M. Orr and M.J. Blunt, “Impact of 
relative permeabilities on geological CO2 storage”, Water Resources Research, 
Vol.42 W12418, 2006. 


• (Jun et al., 2012): Young-Shin Jun, Daniel E. Giammar, and Charles J. Werth, “Impacts 
of Geochemical Reactions on Geologic Carbon Sequestration”, Environmental science 
and technology Nov 2012. 


• (Jung et al., 2017): H. Jung, G. Singh, N. Espinoza and M. F. Wheeler, “An 
integrated case study of the Frio CO2 sequestration pilot test for safe and effective 
carbon storage including compositional flow and geomechanics”, SPE Reservoir 
Simulation Conference, Montgomery, Texas, USA, 20-22 February 2017, SPE 
182710-MS. 


• (Kampman et al., 2014): N. Kampman, M. Bickle, M. Wigley, B. Dubacq, “Fluid flow 
and CO2-fluid-mineral interactions during CO2-storage in sedimentary basins”, Chemical 
Geology 369 (2014) 22-50. 


• (Kestin et al., 1981a): J. Kestin, H.E. Khalifa and R.J. Correia, “Tables of dynamic 
and kinematic viscosity of aqueous KCl solutions in the temperature range 25 – 150 
oC and the pressure range 0.1 – 35 MPa”, Journal of Physical Chemistry Reference 
Data, 10, 57 – 70, (1981). 


• (Kestin et al., 1981b): J. Kestin, H.E. Khalifa and R.J. Correia, “Tables of dynamic 
and kinematic viscosity of aqueous NaCl solutions in the temperature range 25 – 
150 oC and the pressure range 0.1 – 35 MPa”, Journal of Physical Chemistry 







Reference Data, 10, 71 - 87, (1981). 


• (Kemp et al., 1989): N.P. Kemp, D.C. Thomas, G. Atkinson and B.L. Atkinson, 
“Density modelling for brines as a function of composition, temperature and 
pressure”, SPE production Engineering, 4, 394 – 400 (1989). 


• (Kharaka et al., 1988): K.A. Kharaka, W.D. Gunter, P.K.  Aggarwel. E.H. Perkins 
and J.D. DeBraal, “SOLMINEQ.88: A computer program for geochemical 
modelling of water-rock interactions”, U.S. Geological Survey Water Resources 
Investigations Report 88-4227, pg.314-420. 


• (Kharaka et al., 2006): Y.K.Kharaka, D.R.Cole, S.D. Hovorka, W.D. Gunter, K.G. 
Knauss and B.M. Freifield, “Gas-water-rock interactions in Frio formation 
following CO2 injection: Implications for the storage of greenhouse gases in 
sedimentary basins”, Geology, July 2006, v.34, no.7, 577-580. 


• (Kharaka et al., 2009): Y. K. Kharaka, J. J. Thordsen, S. D. Hovorka, H. S. Nance, D. 
R. Cole, T. J. Phelps, K.G. Knauss, ”Potential environmental issues of CO2 storage in 
deep saline aquifers: Geochemical results from the Frio-I Brine Pilot test, Texas, USA 
Applied Geochem 24(6): 1106-1112 2009  


• (Killough, 1976): J.E. Killough, “Reservoir simulation with history-dependent 
saturation functions”, Soc. Pet. Eng. J., 16(1), 37-48, 1976. 


• (Krevor et al., 2012): S.C.M. Krevor, R. Pini, L. Zuo and S.M. Benson, “Relative 
permeability and trapping of CO2 and water in sandstone rocks at reservoir 
conditions”, Water Resources Research, Vol.48, W02532, 2012. 


• (Kumar, 2004): A. Kumar, “A simulation study of carbon dioxide sequestration in deep 
saline aquifers”, M.Sc. thesis, University of Texas at Austin, 2004. 


• (Kumar et al., 2005): A. Kumar, M. Noh, G.A. Pope, S. Bryant, K. Sepehrnoori and L.W. 
Lake, “Reservoir simulation of CO2 storage in deep saline aquifers”, SPE Journal, 
September 2005, pp 336 – 348. 


• (Land, 1964): C. S. Land, “The optimum gas saturation for maximum oil recovery from 
displacement by water”, SPE 2216, presented at the SPE-AIME 43rd Annual Fall Meeting, 
Denver, Colorado, USA, 29 September – 2 October, 1969. 


• (Li et al., 2012): X. Li, E. Boek, G. Maitland and J.P. Trusler, “Interfacial tension of 
(Brines + CO2): (0.864 NaCl + 0.136 KCl) at temperatures between (298 and 448) K, 
pressures between (2 and 50) MPa, and total molalities of (1 to 5) mol kg-1”, J. Chem. Eng. 
Data 2012, 57, 1078-1088. 


• (Liu et al., 2016): Y. Liu, H. Li and R. Okuno, “Measurements and modelling of interfacial 
tension for CO2/CH4/Brine systems under reservoir conditions”, Ind. Eng. Chem. Res., 
2016, 55, 12358-12375. 







• (Lohrenz et al, 1964): J. Lohrenz, B. C. Bray and C. R. Clark, “Calculating viscosities of 
reservoir fluids from their compositions”, JPT, (October 1964), 1171. 


• (Loucks et al., 1984): Loucks, R.G., Dodge, M.M., and Galloway, W.E., “Regional 
controls on diagenesis and reservoir quality in Lower Tertiary sandstones along the Texas 
Gulf Coast”, in Clastic diagenesis, Part 1—Concepts and principles: American Association 
of Petroleum Geologists Special Volume M 37, v. A059, pg. 15–45, 1984. 


• (Loucks, 2005): Loucks, R.G., “Revisiting the importance of secondary dissolution pores 
in Tertiary sandstones along the Texas Gulf Coast”,  Gulf Coast Association of Geological 
Societies Transactions, v. 55, pg. 447–455, 2005. 


• (Lu et al., 2017): J. Lu, D.L. Carr, R.H. Trevino, J-L. T. Rhatigan and R. Fifariz, 
“Evaluation of Lower Miocene Confining Units for CO2 Storage, Offshore Texas State 
Waters, Northern Gulf of Mexico, USA”, in Geological CO2 Sequestration Atlas of 
Miocene Strata, Offshore Texas State Waters, Bureau of Economic Geology, 2017. 


• (Makowitz et al., 2006): Makowitz, A., Lander, R.H., and Milliken, K.L., “Diagenetic 
modeling to assess the relative timing of quartz cementation and brittle grain processes 
during compaction”, American Association of Petroleum Geologists Bulletin, v. 90, no. 6, 
pg. 873–885, 2006. 


• (Mathias et al., 2013): S. Mathias, J. Gluyas, G. Gonzalez S. Bryant and D. Wilson, “On 
relative permeability data uncertainty and CO2 injectivity estimation for brine aquifers”, 
Int. J. Greenhouse Gas Control 12, 200 – 212, January 2013.    


• (McCain, 1991): W.D. McCain Jr, “Reservoir fluid property correlations – state of the 
art”, SPE Reservoir Engineering, 6, 266 – 272 (1991).  


• (Meckel, 2010): T. Meckel, “Capillary seals for trapping carbon dioxide (CO2) in 
underground reservoirs, in Matroto-Valer M. M. editor, Developments and innovation in 
carbon dioxide (CO2) capture and storage technology: Woodhead publishing series in 
energy, V.2, pg. 185-202.  


• (Meckel et al., 2017): T.A. Meckel, A.J. Nicholson and R.H. Trevino, “Capillary Aspects 
of Fault-Seal Capacity for CO2 Storage, Lower Miocene, Texas Gulf of Mexico”, in 
Geological CO2 Sequestration Atlas of Miocene Strata, Offshore Texas State Waters, 
Bureau of Economic Geology, 2017. 


• (Müller, 2011): N. Müller, “Supercritical CO2-brine relative permeability experiments in 
reservoir rocks – Literature review and recommendations”, Transp. Por. Media, 2011, 
87(2), 367 – 383.  


• (Nagihara, 2010): S. Nagihara, “Characterization of the sedimentary thermal regime along 
the Corsair growth-fault zone, Texas continental shelf, using corrected bottomhole 
temperatures”, AAPG Bulletin, v.94, p923-935. 







• (Nelson, 2009): P. H. Nelson, “Pore-throat sizes in sandstones, tight sandstones, and 
shales”, AAPG Bulletin, V.93, No.3 (March 2009), pg.329-340. 


• (Nicholson, 2012): A.J. Nicholson, “Empirical analysis of fault seal capacity for CO2 
sequestration. Lower Miocene, Texas Gulf Coast”, University of Texas, Austin, MSc 
Thesis. 


• (Nicot et al., 2009): J-P Nicot, C.M. Oldenburg, S.L. Bryant and S.D. Hovorka, “Pressure 
perturbations from geologic carbon sequestration: Area-of-review boundaries and borehole 
leakage driving forces”, Energy Procedia, 1 (2009) 47-54. 


• (Nighswander et al., 1989): J.A. Nighswander, N. Kalogerakis and A. K. Mehrotra, 
“Solubilities of carbon dioxide in water and 1 wt.% sodium chloride solutions at pressures 
up to 10 MPa and temperatures from 80 to 200oC”, Journal of Chemical and Engineering 
Data, Vol.34, pp 355-360, 1989. 


• (Nur and Bayerlee, 1971): A. Nur and J.D. Bayerlee, “An exact effective stress law for 
elastic deformation of rock with fluids”, Jour. Geophys. Res. 76, 6414 – 6419, 1971. 


• (Oak, 1990): M. J. Oak, “Three phase relative permeability of water-wet Berea”, SPE 
20183-MS, SPE/DOE 20183, 1990, SPE Richardson, Texas, USA. 


• (Ong et al., 2001): S. Ong, Z. Zheng and R. Chhhajlani, “Pressure-Dependent Pore 
Volume Compressibility – A Cost Effective Log-Based Approach”, presented at the SPE 
Asia Pacific Improved Oil Recovery Conference, Kuala-Lumpur, Malaysia, 8 – 9 October 
1991, SPE 72116. 


• (Parkinson and Nevers, 1969): W. Parkinson and N.D. Nevers, “Partial molal volume of 
carbon dioxide in water solutions”, Industrial and Engineering Chemistry Fundamentals, 
Vol. 8, No.4, pp 709-713, 1969. 


• (Peng and Robinson, 1976): D.Y. Peng and D.B. Robinson, “A new two-constant 
equation of state”, Industrial and Engineering Chemistry: Fundamentals, 15 59-64, 1976. 


• (Pentland et al., 2011): C. H. Pentland, R. El-Maghraby, S. Iglauer and M. J. Blunt, 
“Measurements of the capillary trapping of super-critical carbon dioxide in Berea 
sandstone”, Geophys. Res. Lett., 38, L06401 (2011) 


• (Perrin and Benson, 2010): J-C. Perrin and S. M. Benson, “An experimental study on the 
influence of sub-core scale heterogeneities on CO2 distribution in reservoir rocks”, Transp. 
Por. Media, 2010; 82(1), 93 – 109. 


• (Petroleum Experts, 2020): Petroleum Experts Limited, Petex House, 10 Logie Mill, 
Edinburgh, EH7 4HG, United Kingdom; www.petex.com; email: edinburgh@petex.com. 







• (Phillips et al., 1981): S.L. Phillips, A. Igbenc, J.A. Fair, H. Ozbek and M. Tavana, “A 
technical databook for geothermal energy utilization”, Lawrence Berkeley Laboratory 
Report 12810 (1981). 


• (Potter and Brown, 1977): R.W. Potter II and D.L. Brown, “The volumetric properties of 
sodium chloride solutions from 0 to 500 oC at pressures up to 2000 bars based on a 
regression of available data in literature”, US Geological Survey Bulletin, 1421-1, 1971.   


• (Press and Siever, 1985): F Press and R Siever, “Earth”, Freeman, 4’th edition, New York 
1985. 


• (Pyrcz and Deutsch, 2014): Michael J. Pyrcz and Clayton V. Deutsch, “Geostatistical 
Reservoir Modeling”, Second Edition, Published May 2014, ISBN: 9780199731442 


• (Ramos et al., 1994): G. Ramos, K. Katahara, R. Keck and M. Batzle, “In-situ stress 
predictions and measurements in an unconsolidated sandstone formation, the Lower Frio, 
East Texas”, Rock Mechanics, Nelson and Laubach (eds), Balkema, Rotterdam, 
Netherlands 1994. 


• (Ringrose et al., 2021): P. Ringrose, A. Furre, S. Gilfillan, S. Krevor, M. Landro, R. 
Leslie, T. Meckel, B Nazarian and A Zahid “Storage of Carbon Dioxide in Saline 
Aquifers”, Physicochemical Processes, Key Constraints and Scale-up Potential, Annu. 
Rev Chem. Biomol. Eng. 2021 12:471-94,  


• (Robertson, 1988): E. C. Robertson, “Thermal Properties of Rocks”, USGS Report 88-
441, 1988. 


• (Rowe and Chou, 1970): A. N. Rowe and J.C.S. Chou, “Pressure-volume-temperature-
concentration relation of aqueous NaCl solutions”, Journal of Chemical Engineering Data, 
15, 61 – 66 (2002). 


• (Rumpf et al., 1994): B. Rumpf, H. Nicolaisen, C. Ocal, and G. Maurer, “Solubility of 
carbon dioxide in aqueous solutions of sodium chloride: Experimental results and 
correlations”, Journal of Solution Chemistry, Vol.23, No.3, pp 431-438, 1994.   


• (Sakurai et al., 2005): S. Sakurai, A. Boyd, N. Muller and S. Hovorka, “Monitoring 
saturation changes for CO2 sequestration: petrophysical support of the Frio brine pilot 
experiment”, SPWLA 46’th Annual Logging Symposium, New Orleans, Louisiana, USA, 
26-29 June 2005. 


• (Scharlin, 1996): P. Scharlin, “Carbon dioxide in water and aqueous electrolyte solutions”, 
vol.62. Solubility data series. Oxford UK: Oxford University Press, International Union of 
Pure and Applied Chemistry; 1996. 


• (Schlumberger, 2021a): www.software.slb.com/products/petrel/petrel-geology-and-
modeling 







• (Schlumberger, 2021b): www.software.slb.com/products/eclipse 


• (Segall and Fitzgerald, 1996): P. Segall and S.D. Fitzgerald, “A note on induced stress in 
hydrocarbon and geothermal reservoirs”, Tectonophysics, 289 (1998) 117 – 128. 


• (Seni et al., 1997): S.J. Seni, T.F. Hentz, W.R. Kaiser, and E.G. Wermund, editors, “Atlas 
of northern Gulf of Mexico gas and oil reservoirs, Volume 1, Miocene and older reservoirs, 
Texas”, University of Texas, Austin, Bureau of Economic Geology, 1997. 


• (Shagiakhmetov and Tarzimanov, 1982): R.A. Shagiakhmetov, and A.A. Tarzimanov, 
1981, SPSTL 200 KHPD 81, 1982. 


• (Shi et al., 2011): J-Q. Shi, Z, Xue and S. Durucan, “Supercritical core flooding and 
imbibition in Tako sandstone – influence of sub-core scale heterogeneity”, Int. J. 
Greenhouse Gas Control, 2011, 5(1), 75 – 87. 


• (Simonson et al., 1994): J.M. Simonson, C.S. Oakes and R.J. Bodnar, “Densities of 
NaCl(aq) to the temperature 523 K at pressures to 40 MPa measured with a new vibrating-
tube densitometer”, Journal of Chemical Thermodynamics, Vol.26, pp 345-359, 1994. 


• (Spiteri and Juanes, 2006): E. J. Spiteri and R. Juanes, “Impact of relative permeability 
hysteresis on the numerical simulation of WAG injection”, J. Pet. Sci., 50(2), 115 – 139. 


• (Spiteri et al., 2005): E. J. Spiteri, R. Juanes, M. J. Blunt and F. M. Orr Jr., “Relative 
permeability hysteresis: Trapping models and applications to geological sequestration”, 
SPE Annual Technical Conference and Exhibition, Dallas, Texas, USA, 2005 (SPE 
96448). 


• (Spiteri et al., 2008): E. J. Spiteri, R. Juanes, M. J. Blunt and F. M. Orr, “A new model of 
trapping and relative permeability hysteresis for all wettability characteristics”, SPE J. 
13(3), 277 – 288. 


• (Suekane et al., 2008): T. Suekane, T. Nobuso, S. Hirai and M. Kiyota, “Geological 
storage of carbon dioxide by residual gas and solubility trapping”, Int. J. Greenhouse Gas 
Control, 2008, 2(1), 58 – 64. 


• (Sun et al., 2008): H. Sun, R. Feistel, M. Koch and A. Markoe, “New equations for density, 
entropy, heat capacity and potential temperature of a saline thermal fluid”, Deep-Sea 
Research pg. 1304 – 1310. 


• (Swanson et al., 2013): S.M. Swanson, A.W. Karlsen, B.J. Valentine, “Geologic 
Assessment of Undiscovered Oil and Gas Resources – Oligocene Frio and Anahuac 
Formations, United States Gulf of Mexico Coastal Plain and State Waters”, U.S. 
Geological Survey, Open-File report 2013-1257, 2013. 


• (Teeuw, 1971): D. Teeuw, “Prediction of Reservoir Compaction form Laboratory 
Compressibility Data”, SPEJ, (September 1971), 263 – 271.  







• (Teng et al., 1997): H. Teng, A. Yamasaki, M.K. Chun and H. Lee, “Solubility of liquid 
CO2 in water at temperatures from 278 K to 293 K and pressures from 6.44 MPa to 29.49 
MPa and densities of the corresponding aqueous solutions”, Journal of Chemical and 
Engineering data, Vol.29, pp 1301-1310, 1997. 


• (Timmerman, 1982): E. H. Timmerman, “Practical Reservoir Engineering”, Penwell, 
Technology and Engineering, 1982. 


• (Timoshenko and Goodier, 1970): S.P. Timoshenko and J.N. Goodier, “Theory of 
Elasticity”, 3’rd edition, McGraw-Hill International Editions, London, 1970. 


• (Vinsome and Westerveld, 1980): P. K. Vinsome and J. Westerveld, “A simple method 
of predicting cap and base rock heat losses in thermal recovery simulators”, J. Can, Pet. 
Tech, 1980. 


• (Wagner and Pruβ, 2002): W. Wagner and A. Pruβ, “The IAPWS Formulation 1995 for 
the thermodynamic properties of ordinary water substance for general and scientific use”, 
J. Phys. Chem. Ref. Data, Vol.31, No.2, pp 387-535, 2002. 


• (Wallace et al., 2017): K.J. Wallace, C.H. Rhatigan, R.H. Trevino and T.A. Meckel, 
“Estimating CO2 storage in a saline aquifer using 3D flow models, Lower Miocene, Texas 
Gulf of Mexico”, in Geological CO2 Sequestration Atlas of Miocene Strata, Offshore Texas 
State Waters, Bureau of Economic Geology, 2017. 


• (Welge, 1952): H.J. Welge, “A simplified method for computing oil recovery by gas or 
water drive”, Trans AIME, 195, 91-98 (1952). 


• (Wesson and Nicholson, 1987): R. L. Wesson and C. Nicholson, “Zero Cohesion Mohr-
Coulomb failure criterion”, method by E.I. du Pont de Nemours & Co. (1987). 


• (Xu et al., 2004): T. Xu, J.A. Apps and K. Preuss, “Numwerical simulation of CO2 
disposal by mineral trapping in deep aquifers”, Applied Geochemistry, 19 (6); 917. 


• (Xu, 2010): T. Xu et al, “Reactive transport modelling to study changes in water 
chemistry induced by CO2 injection at the Frio-I Brine Pilot”, Chemical Geology 2010 
271(3-4): p. 153-164. 


• (Yale et al., 1993): D.P. Yale, G.W. Nabor and J.A. Russell, “Application of variable 
formation compressibility for improved reservoir analysis”, presented at the 58th Annual 
Technical Conference and Exhibition of the Society of Petroleum Engineers, Houston, 
Texas, USA, 3 – 6 October 1993, SPE 26647. 


• (Yang and Aplin, 2007): Y. Yang and A. Aplin, “Permeability and petrophysical 
properties of 30 natural mudstones”, J. Geophys. Res., 112, B03206, doi 
0.1029/2005JB004243. 







• (Zarembo and Fedorov, 1975): V.I. Zarembo and M.K. Fedorov, “Density of sodium 
chloride solutions in the temperature range 25 – 350 oC at pressures up to 100kg/cm2”, 
Journal of Applied Chemistry USSR, 48, 2021 – 2024, 1975. 


• (Zaytsev and Aseyev, 1992): I.D. Zaytsev and G.G. Aseyev, “Properties of aqueous 
solutions of electrolytes”, CRC Press, 1992. 


• (Zeidouni et al., 2009): M. Zeidouni, M. Pooladi-Darvish and D. Keith, “Sensitivity 
analysis of salt precipitation and CO2-brine displacement in saline aquifers”, 2009 SPE 
International Conference on CO2 Capture, Storage and Utilization, San Diego, California, 
USA, 2-4 November 2009, SPE 126690. 


• (Zheng et al., 2019): X. Zheng, Z. Sun, and D. N. Espinoza, “Uniaxial strain unloading 
compressibility of Frio sand: Measures and implications of reservoir pressure management 
for CO2 storage”, 53rd US Rock Mechanics/Geomechanics Symposium, New York, NY, 
USA, 23-26 June 2019. 


• (Zimmerman, 1990): R.W. Zimmerman, “Compressibility of sandstones”, Developments 
in Petroleum Science 29”, Elsevier, 1990 


• (Zobeck, 1980): M.L. Zobeck and M. Zobeck, “State of stress in conterminous United 
States”, Journal of Geophysical Research, v.85, p6113-6156. 


• (Zuo et al., 2012): L. Zuo, S. Krevor, R. W. Falta and S. M. Benson, “An experimental 
study of CO2 exsolution and relative permeability measurements during CO2 
depressurization”, Transp. Por. Media, 2012, 91, 459 – 478.  


 
 












The material in this document is duplicative of the contents of AoR Section 2.2.15, beginning at page
70. Please refer to the redacted version of the complete AoR provided via the ShareFile for tailored
CBI claims.


(b) (4)







(b) (4)







(b) (4)







(b) (4)







(b) (4)







(b) (4)







(b) (4)







(b) (4)







(b) (4)







(b) (4)







(b) (4)







(b) (4)







(b) (4)







(b) (4)







2.0 References 


• (Adams and Bachu, 2002): J. J. Adams and S. Bachu, “Equations of state for basin 
geofluids: algorithm review and intercomparison of brines”, Geofluids (2002), 2, 257 – 
271. 


• (Akbarabadi and Piri, 2013): M. Abarabadi and M. Piri, “Relative permeability 
hysteresis and capillary trapping characteristics of supercritical CO2/brine systems: An 
experimental study at reservoir conditions”, Adv. Wat. Res., 52, 190 – 206, February 2013. 


• (Al-Menhali et al., 2015): A. Al-Menhali, B. Niu and S Krevor, “Capillarity and wetting 
of carbon dioxide and brine during drainage in Berea sandstone at reservoir conditions”, 
Water Resources Research 51, 7895-7914, 2015, doi: 10.1002/2015SWR016947. 


• (Amyx et al, 1960): J.W. Amyx, D. M. Bass Jr., R. L. Whiting, “Petroleum Reservoir 
Engineering, McGraw-Hill, New York, 1960. 


• (Aziz and Settari, 1979): K. Aziz and A Settari, “Petroleum Reservoir Simulation”, 
Springer, Netherlands. 


• (Bachu and Bennion, 2008): S. Bachu and B. Bennion, “Effects of in-situ conditions on 
relative permeability characteristics of CO2-brine systems”, Environ. Geol., 54, 1707-
1722. 


• (Bachu and Bennion, 2009): S. Bachu and B. Bennion, “Interfacial tension between CO2, 
fresh-water, and brine in the range of pressures (2 to 27) MPa, temperature (20 to 125) C, 
and water salinity from (0 to 334 000) mgl-1, J. Chem. Eng. Data, 54, 765-775.   


(b) (4)







• (Bachu, 2013): S. Bachu, “Drainage and imbibition CO2/brine relative permeability curves 
at in situ conditions for sandstone formations in western Canada”, GHGT-11, Energy 
Procedia, 37 (2013), 4428 – 4436. 


• (Baines and Worden, 2004): S Baines and R Worden, The long-term fate of CO2 in the 
subsurface: natural analogues for CO2 storage, 2004 Geological Society Volume 233 
P59-85 


• (Batzle and Wang, 1992): M. Batzle and Z. Wang, “Seismic properties of pore fluids”, 
Geophysics, 57, 1396 – 1408, (1992). 


• (Bennion and Bachu, 2008): D. B. Bennion and S. Bachu, “Drainage and imbibition 
relative permeability relationships for supercritical CO2/brine and H2S/brine systems in 
intergranular sandstones, carbonate, shale and anhydrite rocks”, SPE Res. Eval. & Eng., 
2008, 11, 487-496. 


• (Bennion and Bachu, 2010): D. B. Bennion and S. Bachu, “Drainage and imbibition 
relative permeability curves at reservoir conditions for carbonate formations”, SPE paper 
134028, SPE Annual Technical Conference and Exhibition, 19-22 September, Florence, 
Italy, 2010. 


• (Brooks and Corey, 1964): R.H. Brooks and A. T. Corey, “Hydraulic properties of porous 
media”, Colorado State University, Hydro Paper No.5, (1964). 


• (Carlson, 1981): F.M. Carlson, “Simulation of relative permeability hysteresis to the 
nonwetting phase”, SPE 10157-MS, Richardson, Texas, USA. 


• (Carter and Tracy, 1960): R.D. Carter and G.W. Tracy, “An Improved Method for 
Calculating Water Influx”, Trans., AIME, 219, 415 – 417, 1960. 


• (Chalbaud et al., 2006): C. Chalbaud, M. Robin and P. Egerman, “Interfacial tension data 
and correlations of brine-CO2 systems under reservoir conditions”, SPE Annual Technical 
Conference and Exhibition, 2006, SPE paper 102918-MS.  


• (Chertov and Suarez-Rivera, 2014): M.A. Chertov and R. Suarez-Rivera, “Practical 
Laboratory Methods for Pore Volume Compressibility Characterization in Different Rock 
Types”, presented at the 48th US Rock Mechanics / Geomechanics Symposium, 
Minneapolis, MN, USA, 1 – 4 June 2014, ARMA 14-7532.  


• (Chiquet and Broseta, 2005): P. Chiquet and D. Broseta, “Capillary alteration of shale 
caprocks by carbon dioxide”, SPE special publication Mo. 94183, doi:10.2118/94183-MS.  


• (Chiquet et al., 2006): P. Chiquet, J. L. Daridon, D. Broseta and S. Thibeau, “CO2/water 
interfacial tension under temperature and pressure conditions for CO2 geologic storage”, 
Energy Conversion and Management, V.48, pg. 736-744. 


• (CMG, 2021): www.cmgl.ca/gem 







• (Collins, 2021): Dan Collins, GeoStock, Houston, Texas, USA, private communication. 


• (Dake, 1978): L. P. Dake, “Fundamentals of Reservoir Engineering”, Elsevier, 
Amsterdam, 1978. 


• (Darcy, 1856): H. Darcy, “Les fontaines publiques de la ville de Dijon”, Paris, Dalmont. 


• (Deutsch, 2002): Geostatistical Reservoir Modelling. Chapter 4.5, p131 


• (Diamond and Akinfiev, 2003): L.W. Diamond and N.N. Akinfiev, “Solubility of CO2 in 
water from -1.5 to 100 oC and from 0.1 to 1000 MPa: evaluation of literature data and 
thermodynamic modelling”, Fluid Phase Equilibria, 208 (2003) 265-290. 


• (Doughty et al., 2007): C. Doughty, B. Freifeld and R. Trautz, “Site characterisation for 
CO2 geologic storage and vice versa: the Frio brine pilot, Texas, USA as a case study”, 
LBNL, 2007. 


• (Dudley et al., 2016): J.W. Dudley, M. Brignoli, B. R. Crawford and R.T. Ewy, “ISRM 
Suggested Method for Uniaxial-Strain Compressibility Testing for Reservoir 
Geomechanics”, Rock Mechanics and Rock Engineering, 49 (10) 4153 – 4178, 
http://doi.org/10.1007/s00603-016-1055-4. 


• (Engelder and Leftwich, 1997): T. Engelder and J.T. Leftwich Jr., “A pore-
pressure limit in overpressured South Texas oil and gas fields”, in R.C. Surdam ed, 
Seals, traps and the petroleum system: AAPG Memoir 67, p255-267. 


• EPA Guidance Class VI – AOR: https://www.epa.gov/uic/class-vi-wells-used-
geologic-sequestration-co2. 


• (Fjaer et al., 2008): E. Fjaer, R.M. Holt, P. Horsrud, A.M. Raaen and R. Risnes, 
“Petroleum Related Rock Mechanics”, Elsevier, 2nd edition, 2008. 


• (Flroozabadl, 1988): Flroozabadl, A, Nutakki, R, Wong, T W, and Aziz, K. EOS 
predictions of compressibility and phase behavior in systems containing water, 
hydrocarbons, and CO/sub 2/. United States: N. p., 1988 


• (Frick and Taylor, 1962): T.C. Frick (Editor in Chief), R.W. Taylor (Associate 
Editor), “Petroleum Production Handbook”, McGraw Hill Book Company, 1962. 


• (Garcia, 2001): J.E. Garcia, “Density of aqueous solutions of CO2”, report LBNL-
49023, Lawrence Berkeley National Laboratory, October 2001. 


• (Geertsma, 1957): J. Geertsma, “The Effect of Fluid Pressure Decline on 
Volumetric Changes of Porous Rocks”, Trans., AIME (1957) 210, 331 – 340. 


• (Gennes et al., 2004): P.-G. de Genes, F. Brochard-Wyart and D. Quere, 
“Capillarity and wetting phenomena: Drops, Bubles, Pearls, Waves”, Springer, New 







York, 2006. 


• (Ghanbari et al., 2006): S. Ghanbari, Y. Al-Zaabi, G. E. Pickup, E. Mackay, F. 
Gozalpour and A. C. Ford, “Simulation of CO2 storage in saline aquifers”, Trans. 
IChemE, Part A September 2006, Chemical Engineering Research and Design, 84 
(A9), 764-775. 


• (Ghomian et al., 2008): Yousef Ghomian, Gary A. Pope and Kamy Sepehrnoori, 
“Reservoir simulation of CO2 sequestration pilot in Frio brine formation, USA Gulf 
Coast”, Energy 22 (2008) 1055-1067. 


• (Gill, 1982): A.E. Gill, “Atmosphere-ocean dynamics”, Academic Press, Mew York 
(1982). 


• (Gollakota and McDonald, 2014): S. Gollakota and S McDonald, “Commercial-
scale CCS project, Illinois – Construction Status and Operational Plans for 
Demonstration”, GHGT-12, Energy Procedia 63 (2014) 5986 – 5993. 


• (Gundogan, 2011): O. Gundogan, “Geochemical modelling of CO2 storage”, PhD thesis, 
Heriot-Watt University, June 2011. 


• (Gutierrez et al., 2001): M. Gutierrez, R.W. Lewis and I. Masters, “Petroleum Reservoir 
Simulation Coupling Fluid Flow and Geomechanics”, SPE 72095, 2001. 


• (Hanor and McIntosh, 2007): J.S. Hanor and J.C. McIntosh, “Diverse origins and 
timing of formation of basinal brines in the Gulf of Mexico sedimentary basin”, 
Geofluids (2007) 7, 227-237. 


• (Hnedkovsky et al., 1996): L. Hnedkovsky, R. Wood and V. Majer, “Volumes of 
aqueous solutions of CH4, CO2, H2S and NH3 at temperatures from 298.15 K to 705 
K and pressures to 35 MPa”, Journal of Chemical Thermodynamics, Vol. 28, pp 
125-142, 1996. 


• (Hosseini, 2019):  Seyyed Hosseini of the Bureau of Economic Geology at the 
University of Texas in Austin, Texas, USA, private communication. 


• (Hovorka, 2006): Frio Brine Storage Experiment—Lessons Learned, 2006, Environ. 
Geoscience 13 (2), 105 S. Hovorka 


• (Hovorka et al, 2007): FRIO FINAL TECHNICAL REPORT (osti.gov) 


• (Hovorka et al., 2008): S. Hovorka et al,  www.osti.gov; “Frio final technical report 
– OSTI.gov”.  


• (Hovorka et al., 2018): Susan D. Hovorka, Peter Tutton, Ramón H. Treviño 
“Feasibility study of CO2 storage in saline formations in the region of the planned 
Lake Charles Methanol Plant”, Final Report, Gulf Coast Carbon Center, Bureau of 







Economic Geology, Jackson School of Geosciences, The University of Texas at 
Austin, July 30, 2018.  


• (Iglauer et al., 2015): S. Iglauer, C. H. Pentland and A. Busch, “CO2 wettability of 
seal and reservoir rocks and the implications for carbon geo-sequestration: Water 
Resources Research, v. 51, pg. 729 – 774.  


• (Jaeger and Cook, 1976): J.C. Jaeger and N.G.W. Cook, “Fundamentals of Rock 
Mechanics”, Chapman and Hall, London (1976). 


• (Jamieson et al., 1969): D.T. Jamieson, J.S. Tudhope, R. Morris and G. Cartwright, 
“Physical properties of sea-water solutions: heat capacity”, Desalination, 7 
(1969/70) 23-30. 


• (Jamieson et al., 1970): D.T. Jamieson, J.S. Tudhope, R. Morris and G. Cartwright, 
“Physical properties of sea-water solutions: thermal conductivity”, Desalination, 8 
(1970) 393-401. 


• (Jerauld, 1997): G. R. Jerauld, “General three-phase relative permeability model 
for Prudhoe Bay2, SPE Reservoir Eval. Eng., 12(4), 255 – 263. 


• (Juanes et al., 2006): R. Juanes, E.J. Spiteri, F.M. Orr and M.J. Blunt, “Impact of 
relative permeabilities on geological CO2 storage”, Water Resources Research, 
Vol.42 W12418, 2006. 


• (Jun et al., 2012): Young-Shin Jun, Daniel E. Giammar, and Charles J. Werth, “Impacts 
of Geochemical Reactions on Geologic Carbon Sequestration”, Environmental science 
and technology Nov 2012. 


• (Jung et al., 2017): H. Jung, G. Singh, N. Espinoza and M. F. Wheeler, “An 
integrated case study of the Frio CO2 sequestration pilot test for safe and effective 
carbon storage including compositional flow and geomechanics”, SPE Reservoir 
Simulation Conference, Montgomery, Texas, USA, 20-22 February 2017, SPE 
182710-MS. 


• (Kampman et al., 2014): N. Kampman, M. Bickle, M. Wigley, B. Dubacq, “Fluid flow 
and CO2-fluid-mineral interactions during CO2-storage in sedimentary basins”, Chemical 
Geology 369 (2014) 22-50. 


• (Kestin et al., 1981a): J. Kestin, H.E. Khalifa and R.J. Correia, “Tables of dynamic 
and kinematic viscosity of aqueous KCl solutions in the temperature range 25 – 150 
oC and the pressure range 0.1 – 35 MPa”, Journal of Physical Chemistry Reference 
Data, 10, 57 – 70, (1981). 


• (Kestin et al., 1981b): J. Kestin, H.E. Khalifa and R.J. Correia, “Tables of dynamic 
and kinematic viscosity of aqueous NaCl solutions in the temperature range 25 – 
150 oC and the pressure range 0.1 – 35 MPa”, Journal of Physical Chemistry 







Reference Data, 10, 71 - 87, (1981). 


• (Kemp et al., 1989): N.P. Kemp, D.C. Thomas, G. Atkinson and B.L. Atkinson, 
“Density modelling for brines as a function of composition, temperature and 
pressure”, SPE production Engineering, 4, 394 – 400 (1989). 


• (Kharaka et al., 1988): K.A. Kharaka, W.D. Gunter, P.K.  Aggarwel. E.H. Perkins 
and J.D. DeBraal, “SOLMINEQ.88: A computer program for geochemical 
modelling of water-rock interactions”, U.S. Geological Survey Water Resources 
Investigations Report 88-4227, pg.314-420. 


• (Kharaka et al., 2006): Y.K.Kharaka, D.R.Cole, S.D. Hovorka, W.D. Gunter, K.G. 
Knauss and B.M. Freifield, “Gas-water-rock interactions in Frio formation 
following CO2 injection: Implications for the storage of greenhouse gases in 
sedimentary basins”, Geology, July 2006, v.34, no.7, 577-580. 


• (Kharaka et al., 2009): Y. K. Kharaka, J. J. Thordsen, S. D. Hovorka, H. S. Nance, D. 
R. Cole, T. J. Phelps, K.G. Knauss, ”Potential environmental issues of CO2 storage in 
deep saline aquifers: Geochemical results from the Frio-I Brine Pilot test, Texas, USA 
Applied Geochem 24(6): 1106-1112 2009  


• (Killough, 1976): J.E. Killough, “Reservoir simulation with history-dependent 
saturation functions”, Soc. Pet. Eng. J., 16(1), 37-48, 1976. 


• (Krevor et al., 2012): S.C.M. Krevor, R. Pini, L. Zuo and S.M. Benson, “Relative 
permeability and trapping of CO2 and water in sandstone rocks at reservoir 
conditions”, Water Resources Research, Vol.48, W02532, 2012. 


• (Kumar, 2004): A. Kumar, “A simulation study of carbon dioxide sequestration in deep 
saline aquifers”, M.Sc. thesis, University of Texas at Austin, 2004. 


• (Kumar et al., 2005): A. Kumar, M. Noh, G.A. Pope, S. Bryant, K. Sepehrnoori and L.W. 
Lake, “Reservoir simulation of CO2 storage in deep saline aquifers”, SPE Journal, 
September 2005, pp 336 – 348. 


• (Land, 1964): C. S. Land, “The optimum gas saturation for maximum oil recovery from 
displacement by water”, SPE 2216, presented at the SPE-AIME 43rd Annual Fall Meeting, 
Denver, Colorado, USA, 29 September – 2 October, 1969. 


• (Li et al., 2012): X. Li, E. Boek, G. Maitland and J.P. Trusler, “Interfacial tension of 
(Brines + CO2): (0.864 NaCl + 0.136 KCl) at temperatures between (298 and 448) K, 
pressures between (2 and 50) MPa, and total molalities of (1 to 5) mol kg-1”, J. Chem. Eng. 
Data 2012, 57, 1078-1088. 


• (Liu et al., 2016): Y. Liu, H. Li and R. Okuno, “Measurements and modelling of interfacial 
tension for CO2/CH4/Brine systems under reservoir conditions”, Ind. Eng. Chem. Res., 
2016, 55, 12358-12375. 







• (Lohrenz et al, 1964): J. Lohrenz, B. C. Bray and C. R. Clark, “Calculating viscosities of 
reservoir fluids from their compositions”, JPT, (October 1964), 1171. 


• (Loucks et al., 1984): Loucks, R.G., Dodge, M.M., and Galloway, W.E., “Regional 
controls on diagenesis and reservoir quality in Lower Tertiary sandstones along the Texas 
Gulf Coast”, in Clastic diagenesis, Part 1—Concepts and principles: American Association 
of Petroleum Geologists Special Volume M 37, v. A059, pg. 15–45, 1984. 


• (Loucks, 2005): Loucks, R.G., “Revisiting the importance of secondary dissolution pores 
in Tertiary sandstones along the Texas Gulf Coast”,  Gulf Coast Association of Geological 
Societies Transactions, v. 55, pg. 447–455, 2005. 


• (Lu et al., 2017): J. Lu, D.L. Carr, R.H. Trevino, J-L. T. Rhatigan and R. Fifariz, 
“Evaluation of Lower Miocene Confining Units for CO2 Storage, Offshore Texas State 
Waters, Northern Gulf of Mexico, USA”, in Geological CO2 Sequestration Atlas of 
Miocene Strata, Offshore Texas State Waters, Bureau of Economic Geology, 2017. 


• (Makowitz et al., 2006): Makowitz, A., Lander, R.H., and Milliken, K.L., “Diagenetic 
modeling to assess the relative timing of quartz cementation and brittle grain processes 
during compaction”, American Association of Petroleum Geologists Bulletin, v. 90, no. 6, 
pg. 873–885, 2006. 


• (Mathias et al., 2013): S. Mathias, J. Gluyas, G. Gonzalez S. Bryant and D. Wilson, “On 
relative permeability data uncertainty and CO2 injectivity estimation for brine aquifers”, 
Int. J. Greenhouse Gas Control 12, 200 – 212, January 2013.    


• (McCain, 1991): W.D. McCain Jr, “Reservoir fluid property correlations – state of the 
art”, SPE Reservoir Engineering, 6, 266 – 272 (1991).  


• (Meckel, 2010): T. Meckel, “Capillary seals for trapping carbon dioxide (CO2) in 
underground reservoirs, in Matroto-Valer M. M. editor, Developments and innovation in 
carbon dioxide (CO2) capture and storage technology: Woodhead publishing series in 
energy, V.2, pg. 185-202.  


• (Meckel et al., 2017): T.A. Meckel, A.J. Nicholson and R.H. Trevino, “Capillary Aspects 
of Fault-Seal Capacity for CO2 Storage, Lower Miocene, Texas Gulf of Mexico”, in 
Geological CO2 Sequestration Atlas of Miocene Strata, Offshore Texas State Waters, 
Bureau of Economic Geology, 2017. 


• (Müller, 2011): N. Müller, “Supercritical CO2-brine relative permeability experiments in 
reservoir rocks – Literature review and recommendations”, Transp. Por. Media, 2011, 
87(2), 367 – 383.  


• (Nagihara, 2010): S. Nagihara, “Characterization of the sedimentary thermal regime along 
the Corsair growth-fault zone, Texas continental shelf, using corrected bottomhole 
temperatures”, AAPG Bulletin, v.94, p923-935. 







• (Nelson, 2009): P. H. Nelson, “Pore-throat sizes in sandstones, tight sandstones, and 
shales”, AAPG Bulletin, V.93, No.3 (March 2009), pg.329-340. 


• (Nicholson, 2012): A.J. Nicholson, “Empirical analysis of fault seal capacity for CO2 
sequestration. Lower Miocene, Texas Gulf Coast”, University of Texas, Austin, MSc 
Thesis. 


• (Nicot et al., 2009): J-P Nicot, C.M. Oldenburg, S.L. Bryant and S.D. Hovorka, “Pressure 
perturbations from geologic carbon sequestration: Area-of-review boundaries and borehole 
leakage driving forces”, Energy Procedia, 1 (2009) 47-54. 


• (Nighswander et al., 1989): J.A. Nighswander, N. Kalogerakis and A. K. Mehrotra, 
“Solubilities of carbon dioxide in water and 1 wt.% sodium chloride solutions at pressures 
up to 10 MPa and temperatures from 80 to 200oC”, Journal of Chemical and Engineering 
Data, Vol.34, pp 355-360, 1989. 


• (Nur and Bayerlee, 1971): A. Nur and J.D. Bayerlee, “An exact effective stress law for 
elastic deformation of rock with fluids”, Jour. Geophys. Res. 76, 6414 – 6419, 1971. 


• (Oak, 1990): M. J. Oak, “Three phase relative permeability of water-wet Berea”, SPE 
20183-MS, SPE/DOE 20183, 1990, SPE Richardson, Texas, USA. 


• (Ong et al., 2001): S. Ong, Z. Zheng and R. Chhhajlani, “Pressure-Dependent Pore 
Volume Compressibility – A Cost Effective Log-Based Approach”, presented at the SPE 
Asia Pacific Improved Oil Recovery Conference, Kuala-Lumpur, Malaysia, 8 – 9 October 
1991, SPE 72116. 


• (Parkinson and Nevers, 1969): W. Parkinson and N.D. Nevers, “Partial molal volume of 
carbon dioxide in water solutions”, Industrial and Engineering Chemistry Fundamentals, 
Vol. 8, No.4, pp 709-713, 1969. 


• (Peng and Robinson, 1976): D.Y. Peng and D.B. Robinson, “A new two-constant 
equation of state”, Industrial and Engineering Chemistry: Fundamentals, 15 59-64, 1976. 


• (Pentland et al., 2011): C. H. Pentland, R. El-Maghraby, S. Iglauer and M. J. Blunt, 
“Measurements of the capillary trapping of super-critical carbon dioxide in Berea 
sandstone”, Geophys. Res. Lett., 38, L06401 (2011) 


• (Perrin and Benson, 2010): J-C. Perrin and S. M. Benson, “An experimental study on the 
influence of sub-core scale heterogeneities on CO2 distribution in reservoir rocks”, Transp. 
Por. Media, 2010; 82(1), 93 – 109. 


• (Petroleum Experts, 2020): Petroleum Experts Limited, Petex House, 10 Logie Mill, 
Edinburgh, EH7 4HG, United Kingdom; www.petex.com; email: edinburgh@petex.com. 







• (Phillips et al., 1981): S.L. Phillips, A. Igbenc, J.A. Fair, H. Ozbek and M. Tavana, “A 
technical databook for geothermal energy utilization”, Lawrence Berkeley Laboratory 
Report 12810 (1981). 


• (Potter and Brown, 1977): R.W. Potter II and D.L. Brown, “The volumetric properties of 
sodium chloride solutions from 0 to 500 oC at pressures up to 2000 bars based on a 
regression of available data in literature”, US Geological Survey Bulletin, 1421-1, 1971.   


• (Press and Siever, 1985): F Press and R Siever, “Earth”, Freeman, 4’th edition, New York 
1985. 


• (Pyrcz and Deutsch, 2014): Michael J. Pyrcz and Clayton V. Deutsch, “Geostatistical 
Reservoir Modeling”, Second Edition, Published May 2014, ISBN: 9780199731442 


• (Ramos et al., 1994): G. Ramos, K. Katahara, R. Keck and M. Batzle, “In-situ stress 
predictions and measurements in an unconsolidated sandstone formation, the Lower Frio, 
East Texas”, Rock Mechanics, Nelson and Laubach (eds), Balkema, Rotterdam, 
Netherlands 1994. 


• (Ringrose et al., 2021): P. Ringrose, A. Furre, S. Gilfillan, S. Krevor, M. Landro, R. 
Leslie, T. Meckel, B Nazarian and A Zahid “Storage of Carbon Dioxide in Saline 
Aquifers”, Physicochemical Processes, Key Constraints and Scale-up Potential, Annu. 
Rev Chem. Biomol. Eng. 2021 12:471-94,  


• (Robertson, 1988): E. C. Robertson, “Thermal Properties of Rocks”, USGS Report 88-
441, 1988. 


• (Rowe and Chou, 1970): A. N. Rowe and J.C.S. Chou, “Pressure-volume-temperature-
concentration relation of aqueous NaCl solutions”, Journal of Chemical Engineering Data, 
15, 61 – 66 (2002). 


• (Rumpf et al., 1994): B. Rumpf, H. Nicolaisen, C. Ocal, and G. Maurer, “Solubility of 
carbon dioxide in aqueous solutions of sodium chloride: Experimental results and 
correlations”, Journal of Solution Chemistry, Vol.23, No.3, pp 431-438, 1994.   


• (Sakurai et al., 2005): S. Sakurai, A. Boyd, N. Muller and S. Hovorka, “Monitoring 
saturation changes for CO2 sequestration: petrophysical support of the Frio brine pilot 
experiment”, SPWLA 46’th Annual Logging Symposium, New Orleans, Louisiana, USA, 
26-29 June 2005. 


• (Scharlin, 1996): P. Scharlin, “Carbon dioxide in water and aqueous electrolyte solutions”, 
vol.62. Solubility data series. Oxford UK: Oxford University Press, International Union of 
Pure and Applied Chemistry; 1996. 


• (Schlumberger, 2021a): www.software.slb.com/products/petrel/petrel-geology-and-
modeling 







• (Schlumberger, 2021b): www.software.slb.com/products/eclipse 


• (Segall and Fitzgerald, 1996): P. Segall and S.D. Fitzgerald, “A note on induced stress in 
hydrocarbon and geothermal reservoirs”, Tectonophysics, 289 (1998) 117 – 128. 


• (Seni et al., 1997): S.J. Seni, T.F. Hentz, W.R. Kaiser, and E.G. Wermund, editors, “Atlas 
of northern Gulf of Mexico gas and oil reservoirs, Volume 1, Miocene and older reservoirs, 
Texas”, University of Texas, Austin, Bureau of Economic Geology, 1997. 


• (Shagiakhmetov and Tarzimanov, 1982): R.A. Shagiakhmetov, and A.A. Tarzimanov, 
1981, SPSTL 200 KHPD 81, 1982. 


• (Shi et al., 2011): J-Q. Shi, Z, Xue and S. Durucan, “Supercritical core flooding and 
imbibition in Tako sandstone – influence of sub-core scale heterogeneity”, Int. J. 
Greenhouse Gas Control, 2011, 5(1), 75 – 87. 


• (Simonson et al., 1994): J.M. Simonson, C.S. Oakes and R.J. Bodnar, “Densities of 
NaCl(aq) to the temperature 523 K at pressures to 40 MPa measured with a new vibrating-
tube densitometer”, Journal of Chemical Thermodynamics, Vol.26, pp 345-359, 1994. 


• (Spiteri and Juanes, 2006): E. J. Spiteri and R. Juanes, “Impact of relative permeability 
hysteresis on the numerical simulation of WAG injection”, J. Pet. Sci., 50(2), 115 – 139. 


• (Spiteri et al., 2005): E. J. Spiteri, R. Juanes, M. J. Blunt and F. M. Orr Jr., “Relative 
permeability hysteresis: Trapping models and applications to geological sequestration”, 
SPE Annual Technical Conference and Exhibition, Dallas, Texas, USA, 2005 (SPE 
96448). 


• (Spiteri et al., 2008): E. J. Spiteri, R. Juanes, M. J. Blunt and F. M. Orr, “A new model of 
trapping and relative permeability hysteresis for all wettability characteristics”, SPE J. 
13(3), 277 – 288. 


• (Suekane et al., 2008): T. Suekane, T. Nobuso, S. Hirai and M. Kiyota, “Geological 
storage of carbon dioxide by residual gas and solubility trapping”, Int. J. Greenhouse Gas 
Control, 2008, 2(1), 58 – 64. 


• (Sun et al., 2008): H. Sun, R. Feistel, M. Koch and A. Markoe, “New equations for density, 
entropy, heat capacity and potential temperature of a saline thermal fluid”, Deep-Sea 
Research pg. 1304 – 1310. 


• (Swanson et al., 2013): S.M. Swanson, A.W. Karlsen, B.J. Valentine, “Geologic 
Assessment of Undiscovered Oil and Gas Resources – Oligocene Frio and Anahuac 
Formations, United States Gulf of Mexico Coastal Plain and State Waters”, U.S. 
Geological Survey, Open-File report 2013-1257, 2013. 


• (Teeuw, 1971): D. Teeuw, “Prediction of Reservoir Compaction form Laboratory 
Compressibility Data”, SPEJ, (September 1971), 263 – 271.  







• (Teng et al., 1997): H. Teng, A. Yamasaki, M.K. Chun and H. Lee, “Solubility of liquid 
CO2 in water at temperatures from 278 K to 293 K and pressures from 6.44 MPa to 29.49 
MPa and densities of the corresponding aqueous solutions”, Journal of Chemical and 
Engineering data, Vol.29, pp 1301-1310, 1997. 


• (Timmerman, 1982): E. H. Timmerman, “Practical Reservoir Engineering”, Penwell, 
Technology and Engineering, 1982. 


• (Timoshenko and Goodier, 1970): S.P. Timoshenko and J.N. Goodier, “Theory of 
Elasticity”, 3’rd edition, McGraw-Hill International Editions, London, 1970. 


• (Vinsome and Westerveld, 1980): P. K. Vinsome and J. Westerveld, “A simple method 
of predicting cap and base rock heat losses in thermal recovery simulators”, J. Can, Pet. 
Tech, 1980. 


• (Wagner and Pruβ, 2002): W. Wagner and A. Pruβ, “The IAPWS Formulation 1995 for 
the thermodynamic properties of ordinary water substance for general and scientific use”, 
J. Phys. Chem. Ref. Data, Vol.31, No.2, pp 387-535, 2002. 


• (Wallace et al., 2017): K.J. Wallace, C.H. Rhatigan, R.H. Trevino and T.A. Meckel, 
“Estimating CO2 storage in a saline aquifer using 3D flow models, Lower Miocene, Texas 
Gulf of Mexico”, in Geological CO2 Sequestration Atlas of Miocene Strata, Offshore Texas 
State Waters, Bureau of Economic Geology, 2017. 


• (Welge, 1952): H.J. Welge, “A simplified method for computing oil recovery by gas or 
water drive”, Trans AIME, 195, 91-98 (1952). 


• (Wesson and Nicholson, 1987): R. L. Wesson and C. Nicholson, “Zero Cohesion Mohr-
Coulomb failure criterion”, method by E.I. du Pont de Nemours & Co. (1987). 


• (Xu et al., 2004): T. Xu, J.A. Apps and K. Preuss, “Numwerical simulation of CO2 
disposal by mineral trapping in deep aquifers”, Applied Geochemistry, 19 (6); 917. 


• (Xu, 2010): T. Xu et al, “Reactive transport modelling to study changes in water 
chemistry induced by CO2 injection at the Frio-I Brine Pilot”, Chemical Geology 2010 
271(3-4): p. 153-164. 


• (Yale et al., 1993): D.P. Yale, G.W. Nabor and J.A. Russell, “Application of variable 
formation compressibility for improved reservoir analysis”, presented at the 58th Annual 
Technical Conference and Exhibition of the Society of Petroleum Engineers, Houston, 
Texas, USA, 3 – 6 October 1993, SPE 26647. 


• (Yang and Aplin, 2007): Y. Yang and A. Aplin, “Permeability and petrophysical 
properties of 30 natural mudstones”, J. Geophys. Res., 112, B03206, doi 
0.1029/2005JB004243. 







• (Zarembo and Fedorov, 1975): V.I. Zarembo and M.K. Fedorov, “Density of sodium 
chloride solutions in the temperature range 25 – 350 oC at pressures up to 100kg/cm2”, 
Journal of Applied Chemistry USSR, 48, 2021 – 2024, 1975. 


• (Zaytsev and Aseyev, 1992): I.D. Zaytsev and G.G. Aseyev, “Properties of aqueous 
solutions of electrolytes”, CRC Press, 1992. 


• (Zeidouni et al., 2009): M. Zeidouni, M. Pooladi-Darvish and D. Keith, “Sensitivity 
analysis of salt precipitation and CO2-brine displacement in saline aquifers”, 2009 SPE 
International Conference on CO2 Capture, Storage and Utilization, San Diego, California, 
USA, 2-4 November 2009, SPE 126690. 


• (Zheng et al., 2019): X. Zheng, Z. Sun, and D. N. Espinoza, “Uniaxial strain unloading 
compressibility of Frio sand: Measures and implications of reservoir pressure management 
for CO2 storage”, 53rd US Rock Mechanics/Geomechanics Symposium, New York, NY, 
USA, 23-26 June 2019. 


• (Zimmerman, 1990): R.W. Zimmerman, “Compressibility of sandstones”, Developments 
in Petroleum Science 29”, Elsevier, 1990 


• (Zobeck, 1980): M.L. Zobeck and M. Zobeck, “State of stress in conterminous United 
States”, Journal of Geophysical Research, v.85, p6113-6156. 


• (Zuo et al., 2012): L. Zuo, S. Krevor, R. W. Falta and S. M. Benson, “An experimental 
study of CO2 exsolution and relative permeability measurements during CO2 
depressurization”, Transp. Por. Media, 2012, 91, 459 – 478.  


 
 












ENVIRONMENTAL PROTECTION AGENCY (“EPA”) 


UNDERGROUND INJECTION CONTROL PROGRAM 


CLASS VI PERMIT (40 CFR SUBPART H § 146.81- 146.95)  


GULF COAST SEQUESTRATION LLC 


PROJECT MINERVA 


 


Pursuant to 40 CFR Subpart H § 146.84, this section of the Project Minerva Class VI Permit related to the 


Area of Review and Corrective Action Plan is being submitted to Ken Johnson, Regional Director Region 


VI of the EPA, as Confidential Business Information.  








ENVIRONMENTAL PROTECTION AGENCY (“EPA”) 


UNDERGROUND INJECTION CONTROL PROGRAM 


CLASS VI PERMIT (40 CFR SUBPART H § 146.81- 146.95)  


GULF COAST SEQUESTRATION LLC 


PROJECT MINERVA 


 


Pursuant to 40 CFR Subpart H § 146.84, this section of the Project Minerva Class VI Permit related to the 


Area of Review and Corrective Action Plan is being submitted to Ken Johnson, Regional Director Region 


VI of the EPA, as Confidential Business Information.  








Area of Review and Corrective Action Plan for Project Minerva 
Permit Number: Page 1 of 14 
CONFIDENTIAL BUSINESS INFORMATION 


The material in this document is duplicative of the contents of AoR Section 2.2.10, beginning at page 
57. Please refer to the redacted version of the complete AoR provided via the ShareFile for tailored 
CBI claims.


(b) (4)







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number: Page 2 of 14 
CONFIDENTIAL BUSINESS INFORMATION 
 
 


2.0 References 


• (Adams and Bachu, 2002): J. J. Adams and S. Bachu, “Equations of state for basin 
geofluids: algorithm review and intercomparison of brines”, Geofluids (2002), 2, 257 – 
271. 


(b) (4)







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number: Page 3 of 14 
CONFIDENTIAL BUSINESS INFORMATION 
 
 


• (Akbarabadi and Piri, 2013): M. Abarabadi and M. Piri, “Relative permeability 
hysteresis and capillary trapping characteristics of supercritical CO2/brine systems: An 
experimental study at reservoir conditions”, Adv. Wat. Res., 52, 190 – 206, February 2013. 


• (Al-Menhali et al., 2015): A. Al-Menhali, B. Niu and S Krevor, “Capillarity and wetting 
of carbon dioxide and brine during drainage in Berea sandstone at reservoir conditions”, 
Water Resources Research 51, 7895-7914, 2015, doi: 10.1002/2015SWR016947. 


• (Amyx et al, 1960): J.W. Amyx, D. M. Bass Jr., R. L. Whiting, “Petroleum Reservoir 
Engineering, McGraw-Hill, New York, 1960. 


• (Aziz and Settari, 1979): K. Aziz and A Settari, “Petroleum Reservoir Simulation”, 
Springer, Netherlands. 


• (Bachu and Bennion, 2008): S. Bachu and B. Bennion, “Effects of in-situ conditions on 
relative permeability characteristics of CO2-brine systems”, Environ. Geol., 54, 1707-
1722. 


• (Bachu and Bennion, 2009): S. Bachu and B. Bennion, “Interfacial tension between CO2, 
fresh-water, and brine in the range of pressures (2 to 27) MPa, temperature (20 to 125) C, 
and water salinity from (0 to 334 000) mgl-1, J. Chem. Eng. Data, 54, 765-775.   


• (Bachu, 2013): S. Bachu, “Drainage and imbibition CO2/brine relative permeability curves 
at in situ conditions for sandstone formations in western Canada”, GHGT-11, Energy 
Procedia, 37 (2013), 4428 – 4436. 


• (Baines and Worden, 2004): S Baines and R Worden, The long-term fate of CO2 in the 
subsurface: natural analogues for CO2 storage, 2004 Geological Society Volume 233 
P59-85 


• (Batzle and Wang, 1992): M. Batzle and Z. Wang, “Seismic properties of pore fluids”, 
Geophysics, 57, 1396 – 1408, (1992). 


• (Bennion and Bachu, 2008): D. B. Bennion and S. Bachu, “Drainage and imbibition 
relative permeability relationships for supercritical CO2/brine and H2S/brine systems in 
intergranular sandstones, carbonate, shale and anhydrite rocks”, SPE Res. Eval. & Eng., 
2008, 11, 487-496. 


• (Bennion and Bachu, 2010): D. B. Bennion and S. Bachu, “Drainage and imbibition 
relative permeability curves at reservoir conditions for carbonate formations”, SPE paper 
134028, SPE Annual Technical Conference and Exhibition, 19-22 September, Florence, 
Italy, 2010. 


• (Brooks and Corey, 1964): R.H. Brooks and A. T. Corey, “Hydraulic properties of porous 
media”, Colorado State University, Hydro Paper No.5, (1964). 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number: Page 4 of 14 
CONFIDENTIAL BUSINESS INFORMATION 
 
 


• (Carlson, 1981): F.M. Carlson, “Simulation of relative permeability hysteresis to the 
nonwetting phase”, SPE 10157-MS, Richardson, Texas, USA. 


• (Carter and Tracy, 1960): R.D. Carter and G.W. Tracy, “An Improved Method for 
Calculating Water Influx”, Trans., AIME, 219, 415 – 417, 1960. 


• (Chalbaud et al., 2006): C. Chalbaud, M. Robin and P. Egerman, “Interfacial tension data 
and correlations of brine-CO2 systems under reservoir conditions”, SPE Annual Technical 
Conference and Exhibition, 2006, SPE paper 102918-MS.  


• (Chertov and Suarez-Rivera, 2014): M.A. Chertov and R. Suarez-Rivera, “Practical 
Laboratory Methods for Pore Volume Compressibility Characterization in Different Rock 
Types”, presented at the 48th US Rock Mechanics / Geomechanics Symposium, 
Minneapolis, MN, USA, 1 – 4 June 2014, ARMA 14-7532.  


• (Chiquet and Broseta, 2005): P. Chiquet and D. Broseta, “Capillary alteration of shale 
caprocks by carbon dioxide”, SPE special publication Mo. 94183, doi:10.2118/94183-MS.  


• (Chiquet et al., 2006): P. Chiquet, J. L. Daridon, D. Broseta and S. Thibeau, “CO2/water 
interfacial tension under temperature and pressure conditions for CO2 geologic storage”, 
Energy Conversion and Management, V.48, pg. 736-744. 


• (CMG, 2021): www.cmgl.ca/gem 


• (Collins, 2021): Dan Collins, GeoStock, Houston, Texas, USA, private communication. 


• (Dake, 1978): L. P. Dake, “Fundamentals of Reservoir Engineering”, Elsevier, 
Amsterdam, 1978. 


• (Darcy, 1856): H. Darcy, “Les fontaines publiques de la ville de Dijon”, Paris, Dalmont. 


• (Deutsch, 2002): Geostatistical Reservoir Modelling. Chapter 4.5, p131 


• (Diamond and Akinfiev, 2003): L.W. Diamond and N.N. Akinfiev, “Solubility of CO2 in 
water from -1.5 to 100 oC and from 0.1 to 1000 MPa: evaluation of literature data and 
thermodynamic modelling”, Fluid Phase Equilibria, 208 (2003) 265-290. 


• (Doughty et al., 2007): C. Doughty, B. Freifeld and R. Trautz, “Site characterisation for 
CO2 geologic storage and vice versa: the Frio brine pilot, Texas, USA as a case study”, 
LBNL, 2007. 


• (Dudley et al., 2016): J.W. Dudley, M. Brignoli, B. R. Crawford and R.T. Ewy, “ISRM 
Suggested Method for Uniaxial-Strain Compressibility Testing for Reservoir 
Geomechanics”, Rock Mechanics and Rock Engineering, 49 (10) 4153 – 4178, 
http://doi.org/10.1007/s00603-016-1055-4. 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number: Page 5 of 14 
CONFIDENTIAL BUSINESS INFORMATION 
 
 


• (Engelder and Leftwich, 1997): T. Engelder and J.T. Leftwich Jr., “A pore-
pressure limit in overpressured South Texas oil and gas fields”, in R.C. Surdam ed, 
Seals, traps and the petroleum system: AAPG Memoir 67, p255-267. 


• EPA Guidance Class VI – AOR: https://www.epa.gov/uic/class-vi-wells-used-
geologic-sequestration-co2. 


• (Fjaer et al., 2008): E. Fjaer, R.M. Holt, P. Horsrud, A.M. Raaen and R. Risnes, 
“Petroleum Related Rock Mechanics”, Elsevier, 2nd edition, 2008. 


• (Flroozabadl, 1988): Flroozabadl, A, Nutakki, R, Wong, T W, and Aziz, K. EOS 
predictions of compressibility and phase behavior in systems containing water, 
hydrocarbons, and CO/sub 2/. United States: N. p., 1988 


• (Frick and Taylor, 1962): T.C. Frick (Editor in Chief), R.W. Taylor (Associate 
Editor), “Petroleum Production Handbook”, McGraw Hill Book Company, 1962. 


• (Garcia, 2001): J.E. Garcia, “Density of aqueous solutions of CO2”, report LBNL-
49023, Lawrence Berkeley National Laboratory, October 2001. 


• (Geertsma, 1957): J. Geertsma, “The Effect of Fluid Pressure Decline on 
Volumetric Changes of Porous Rocks”, Trans., AIME (1957) 210, 331 – 340. 


• (Gennes et al., 2004): P.-G. de Genes, F. Brochard-Wyart and D. Quere, 
“Capillarity and wetting phenomena: Drops, Bubles, Pearls, Waves”, Springer, New 
York, 2006. 


• (Ghanbari et al., 2006): S. Ghanbari, Y. Al-Zaabi, G. E. Pickup, E. Mackay, F. 
Gozalpour and A. C. Ford, “Simulation of CO2 storage in saline aquifers”, Trans. 
IChemE, Part A September 2006, Chemical Engineering Research and Design, 84 
(A9), 764-775. 


• (Ghomian et al., 2008): Yousef Ghomian, Gary A. Pope and Kamy Sepehrnoori, 
“Reservoir simulation of CO2 sequestration pilot in Frio brine formation, USA Gulf 
Coast”, Energy 22 (2008) 1055-1067. 


• (Gill, 1982): A.E. Gill, “Atmosphere-ocean dynamics”, Academic Press, Mew York 
(1982). 


• (Gollakota and McDonald, 2014): S. Gollakota and S McDonald, “Commercial-
scale CCS project, Illinois – Construction Status and Operational Plans for 
Demonstration”, GHGT-12, Energy Procedia 63 (2014) 5986 – 5993. 


• (Gundogan, 2011): O. Gundogan, “Geochemical modelling of CO2 storage”, PhD thesis, 
Heriot-Watt University, June 2011. 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number: Page 6 of 14 
CONFIDENTIAL BUSINESS INFORMATION 
 
 


• (Gutierrez et al., 2001): M. Gutierrez, R.W. Lewis and I. Masters, “Petroleum Reservoir 
Simulation Coupling Fluid Flow and Geomechanics”, SPE 72095, 2001. 


• (Hanor and McIntosh, 2007): J.S. Hanor and J.C. McIntosh, “Diverse origins and 
timing of formation of basinal brines in the Gulf of Mexico sedimentary basin”, 
Geofluids (2007) 7, 227-237. 


• (Hnedkovsky et al., 1996): L. Hnedkovsky, R. Wood and V. Majer, “Volumes of 
aqueous solutions of CH4, CO2, H2S and NH3 at temperatures from 298.15 K to 705 
K and pressures to 35 MPa”, Journal of Chemical Thermodynamics, Vol. 28, pp 
125-142, 1996. 


• (Hosseini, 2019):  Seyyed Hosseini of the Bureau of Economic Geology at the 
University of Texas in Austin, Texas, USA, private communication. 


• (Hovorka, 2006): Frio Brine Storage Experiment—Lessons Learned, 2006, Environ. 
Geoscience 13 (2), 105 S. Hovorka 


• (Hovorka et al, 2007): FRIO FINAL TECHNICAL REPORT (osti.gov) 


• (Hovorka et al., 2008): S. Hovorka et al,  www.osti.gov; “Frio final technical report 
– OSTI.gov”.  


• (Hovorka et al., 2018): Susan D. Hovorka, Peter Tutton, Ramón H. Treviño 
“Feasibility study of CO2 storage in saline formations in the region of the planned 
Lake Charles Methanol Plant”, Final Report, Gulf Coast Carbon Center, Bureau of 
Economic Geology, Jackson School of Geosciences, The University of Texas at 
Austin, July 30, 2018.  


• (Iglauer et al., 2015): S. Iglauer, C. H. Pentland and A. Busch, “CO2 wettability of 
seal and reservoir rocks and the implications for carbon geo-sequestration: Water 
Resources Research, v. 51, pg. 729 – 774.  


• (Jaeger and Cook, 1976): J.C. Jaeger and N.G.W. Cook, “Fundamentals of Rock 
Mechanics”, Chapman and Hall, London (1976). 


• (Jamieson et al., 1969): D.T. Jamieson, J.S. Tudhope, R. Morris and G. Cartwright, 
“Physical properties of sea-water solutions: heat capacity”, Desalination, 7 
(1969/70) 23-30. 


• (Jamieson et al., 1970): D.T. Jamieson, J.S. Tudhope, R. Morris and G. Cartwright, 
“Physical properties of sea-water solutions: thermal conductivity”, Desalination, 8 
(1970) 393-401. 


• (Jerauld, 1997): G. R. Jerauld, “General three-phase relative permeability model 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number: Page 7 of 14 
CONFIDENTIAL BUSINESS INFORMATION 
 
 


for Prudhoe Bay2, SPE Reservoir Eval. Eng., 12(4), 255 – 263. 


• (Juanes et al., 2006): R. Juanes, E.J. Spiteri, F.M. Orr and M.J. Blunt, “Impact of 
relative permeabilities on geological CO2 storage”, Water Resources Research, 
Vol.42 W12418, 2006. 


• (Jun et al., 2012): Young-Shin Jun, Daniel E. Giammar, and Charles J. Werth, “Impacts 
of Geochemical Reactions on Geologic Carbon Sequestration”, Environmental science 
and technology Nov 2012. 


• (Jung et al., 2017): H. Jung, G. Singh, N. Espinoza and M. F. Wheeler, “An 
integrated case study of the Frio CO2 sequestration pilot test for safe and effective 
carbon storage including compositional flow and geomechanics”, SPE Reservoir 
Simulation Conference, Montgomery, Texas, USA, 20-22 February 2017, SPE 
182710-MS. 


• (Kampman et al., 2014): N. Kampman, M. Bickle, M. Wigley, B. Dubacq, “Fluid flow 
and CO2-fluid-mineral interactions during CO2-storage in sedimentary basins”, Chemical 
Geology 369 (2014) 22-50. 


• (Kestin et al., 1981a): J. Kestin, H.E. Khalifa and R.J. Correia, “Tables of dynamic 
and kinematic viscosity of aqueous KCl solutions in the temperature range 25 – 150 
oC and the pressure range 0.1 – 35 MPa”, Journal of Physical Chemistry Reference 
Data, 10, 57 – 70, (1981). 


• (Kestin et al., 1981b): J. Kestin, H.E. Khalifa and R.J. Correia, “Tables of dynamic 
and kinematic viscosity of aqueous NaCl solutions in the temperature range 25 – 
150 oC and the pressure range 0.1 – 35 MPa”, Journal of Physical Chemistry 
Reference Data, 10, 71 - 87, (1981). 


• (Kemp et al., 1989): N.P. Kemp, D.C. Thomas, G. Atkinson and B.L. Atkinson, 
“Density modelling for brines as a function of composition, temperature and 
pressure”, SPE production Engineering, 4, 394 – 400 (1989). 


• (Kharaka et al., 1988): K.A. Kharaka, W.D. Gunter, P.K.  Aggarwel. E.H. Perkins 
and J.D. DeBraal, “SOLMINEQ.88: A computer program for geochemical 
modelling of water-rock interactions”, U.S. Geological Survey Water Resources 
Investigations Report 88-4227, pg.314-420. 


• (Kharaka et al., 2006): Y.K.Kharaka, D.R.Cole, S.D. Hovorka, W.D. Gunter, K.G. 
Knauss and B.M. Freifield, “Gas-water-rock interactions in Frio formation 
following CO2 injection: Implications for the storage of greenhouse gases in 
sedimentary basins”, Geology, July 2006, v.34, no.7, 577-580. 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number: Page 8 of 14 
CONFIDENTIAL BUSINESS INFORMATION 
 
 


• (Kharaka et al., 2009): Y. K. Kharaka, J. J. Thordsen, S. D. Hovorka, H. S. Nance, D. 
R. Cole, T. J. Phelps, K.G. Knauss, ”Potential environmental issues of CO2 storage in 
deep saline aquifers: Geochemical results from the Frio-I Brine Pilot test, Texas, USA 
Applied Geochem 24(6): 1106-1112 2009  


• (Killough, 1976): J.E. Killough, “Reservoir simulation with history-dependent 
saturation functions”, Soc. Pet. Eng. J., 16(1), 37-48, 1976. 


• (Krevor et al., 2012): S.C.M. Krevor, R. Pini, L. Zuo and S.M. Benson, “Relative 
permeability and trapping of CO2 and water in sandstone rocks at reservoir 
conditions”, Water Resources Research, Vol.48, W02532, 2012. 


• (Kumar, 2004): A. Kumar, “A simulation study of carbon dioxide sequestration in deep 
saline aquifers”, M.Sc. thesis, University of Texas at Austin, 2004. 


• (Kumar et al., 2005): A. Kumar, M. Noh, G.A. Pope, S. Bryant, K. Sepehrnoori and L.W. 
Lake, “Reservoir simulation of CO2 storage in deep saline aquifers”, SPE Journal, 
September 2005, pp 336 – 348. 


• (Land, 1964): C. S. Land, “The optimum gas saturation for maximum oil recovery from 
displacement by water”, SPE 2216, presented at the SPE-AIME 43rd Annual Fall Meeting, 
Denver, Colorado, USA, 29 September – 2 October, 1969. 


• (Li et al., 2012): X. Li, E. Boek, G. Maitland and J.P. Trusler, “Interfacial tension of 
(Brines + CO2): (0.864 NaCl + 0.136 KCl) at temperatures between (298 and 448) K, 
pressures between (2 and 50) MPa, and total molalities of (1 to 5) mol kg-1”, J. Chem. Eng. 
Data 2012, 57, 1078-1088. 


• (Liu et al., 2016): Y. Liu, H. Li and R. Okuno, “Measurements and modelling of interfacial 
tension for CO2/CH4/Brine systems under reservoir conditions”, Ind. Eng. Chem. Res., 
2016, 55, 12358-12375. 


• (Lohrenz et al, 1964): J. Lohrenz, B. C. Bray and C. R. Clark, “Calculating viscosities of 
reservoir fluids from their compositions”, JPT, (October 1964), 1171. 


• (Loucks et al., 1984): Loucks, R.G., Dodge, M.M., and Galloway, W.E., “Regional 
controls on diagenesis and reservoir quality in Lower Tertiary sandstones along the Texas 
Gulf Coast”, in Clastic diagenesis, Part 1—Concepts and principles: American Association 
of Petroleum Geologists Special Volume M 37, v. A059, pg. 15–45, 1984. 


• (Loucks, 2005): Loucks, R.G., “Revisiting the importance of secondary dissolution pores 
in Tertiary sandstones along the Texas Gulf Coast”,  Gulf Coast Association of Geological 
Societies Transactions, v. 55, pg. 447–455, 2005. 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number: Page 9 of 14 
CONFIDENTIAL BUSINESS INFORMATION 
 
 


• (Lu et al., 2017): J. Lu, D.L. Carr, R.H. Trevino, J-L. T. Rhatigan and R. Fifariz, 
“Evaluation of Lower Miocene Confining Units for CO2 Storage, Offshore Texas State 
Waters, Northern Gulf of Mexico, USA”, in Geological CO2 Sequestration Atlas of 
Miocene Strata, Offshore Texas State Waters, Bureau of Economic Geology, 2017. 


• (Makowitz et al., 2006): Makowitz, A., Lander, R.H., and Milliken, K.L., “Diagenetic 
modeling to assess the relative timing of quartz cementation and brittle grain processes 
during compaction”, American Association of Petroleum Geologists Bulletin, v. 90, no. 6, 
pg. 873–885, 2006. 


• (Mathias et al., 2013): S. Mathias, J. Gluyas, G. Gonzalez S. Bryant and D. Wilson, “On 
relative permeability data uncertainty and CO2 injectivity estimation for brine aquifers”, 
Int. J. Greenhouse Gas Control 12, 200 – 212, January 2013.    


• (McCain, 1991): W.D. McCain Jr, “Reservoir fluid property correlations – state of the 
art”, SPE Reservoir Engineering, 6, 266 – 272 (1991).  


• (Meckel, 2010): T. Meckel, “Capillary seals for trapping carbon dioxide (CO2) in 
underground reservoirs, in Matroto-Valer M. M. editor, Developments and innovation in 
carbon dioxide (CO2) capture and storage technology: Woodhead publishing series in 
energy, V.2, pg. 185-202.  


• (Meckel et al., 2017): T.A. Meckel, A.J. Nicholson and R.H. Trevino, “Capillary Aspects 
of Fault-Seal Capacity for CO2 Storage, Lower Miocene, Texas Gulf of Mexico”, in 
Geological CO2 Sequestration Atlas of Miocene Strata, Offshore Texas State Waters, 
Bureau of Economic Geology, 2017. 


• (Müller, 2011): N. Müller, “Supercritical CO2-brine relative permeability experiments in 
reservoir rocks – Literature review and recommendations”, Transp. Por. Media, 2011, 
87(2), 367 – 383.  


• (Nagihara, 2010): S. Nagihara, “Characterization of the sedimentary thermal regime along 
the Corsair growth-fault zone, Texas continental shelf, using corrected bottomhole 
temperatures”, AAPG Bulletin, v.94, p923-935. 


• (Nelson, 2009): P. H. Nelson, “Pore-throat sizes in sandstones, tight sandstones, and 
shales”, AAPG Bulletin, V.93, No.3 (March 2009), pg.329-340. 


• (Nicholson, 2012): A.J. Nicholson, “Empirical analysis of fault seal capacity for CO2 
sequestration. Lower Miocene, Texas Gulf Coast”, University of Texas, Austin, MSc 
Thesis. 


• (Nicot et al., 2009): J-P Nicot, C.M. Oldenburg, S.L. Bryant and S.D. Hovorka, “Pressure 
perturbations from geologic carbon sequestration: Area-of-review boundaries and borehole 
leakage driving forces”, Energy Procedia, 1 (2009) 47-54. 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number: Page 10 of 14 
CONFIDENTIAL BUSINESS INFORMATION 
 
 


• (Nighswander et al., 1989): J.A. Nighswander, N. Kalogerakis and A. K. Mehrotra, 
“Solubilities of carbon dioxide in water and 1 wt.% sodium chloride solutions at pressures 
up to 10 MPa and temperatures from 80 to 200oC”, Journal of Chemical and Engineering 
Data, Vol.34, pp 355-360, 1989. 


• (Nur and Bayerlee, 1971): A. Nur and J.D. Bayerlee, “An exact effective stress law for 
elastic deformation of rock with fluids”, Jour. Geophys. Res. 76, 6414 – 6419, 1971. 


• (Oak, 1990): M. J. Oak, “Three phase relative permeability of water-wet Berea”, SPE 
20183-MS, SPE/DOE 20183, 1990, SPE Richardson, Texas, USA. 


• (Ong et al., 2001): S. Ong, Z. Zheng and R. Chhhajlani, “Pressure-Dependent Pore 
Volume Compressibility – A Cost Effective Log-Based Approach”, presented at the SPE 
Asia Pacific Improved Oil Recovery Conference, Kuala-Lumpur, Malaysia, 8 – 9 October 
1991, SPE 72116. 


• (Parkinson and Nevers, 1969): W. Parkinson and N.D. Nevers, “Partial molal volume of 
carbon dioxide in water solutions”, Industrial and Engineering Chemistry Fundamentals, 
Vol. 8, No.4, pp 709-713, 1969. 


• (Peng and Robinson, 1976): D.Y. Peng and D.B. Robinson, “A new two-constant 
equation of state”, Industrial and Engineering Chemistry: Fundamentals, 15 59-64, 1976. 


• (Pentland et al., 2011): C. H. Pentland, R. El-Maghraby, S. Iglauer and M. J. Blunt, 
“Measurements of the capillary trapping of super-critical carbon dioxide in Berea 
sandstone”, Geophys. Res. Lett., 38, L06401 (2011) 


• (Perrin and Benson, 2010): J-C. Perrin and S. M. Benson, “An experimental study on the 
influence of sub-core scale heterogeneities on CO2 distribution in reservoir rocks”, Transp. 
Por. Media, 2010; 82(1), 93 – 109. 


• (Petroleum Experts, 2020): Petroleum Experts Limited, Petex House, 10 Logie Mill, 
Edinburgh, EH7 4HG, United Kingdom; www.petex.com; email: edinburgh@petex.com. 


• (Phillips et al., 1981): S.L. Phillips, A. Igbenc, J.A. Fair, H. Ozbek and M. Tavana, “A 
technical databook for geothermal energy utilization”, Lawrence Berkeley Laboratory 
Report 12810 (1981). 


• (Potter and Brown, 1977): R.W. Potter II and D.L. Brown, “The volumetric properties of 
sodium chloride solutions from 0 to 500 oC at pressures up to 2000 bars based on a 
regression of available data in literature”, US Geological Survey Bulletin, 1421-1, 1971.   


• (Press and Siever, 1985): F Press and R Siever, “Earth”, Freeman, 4’th edition, New York 
1985. 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number: Page 11 of 14 
CONFIDENTIAL BUSINESS INFORMATION 
 
 


• (Pyrcz and Deutsch, 2014): Michael J. Pyrcz and Clayton V. Deutsch, “Geostatistical 
Reservoir Modeling”, Second Edition, Published May 2014, ISBN: 9780199731442 


• (Ramos et al., 1994): G. Ramos, K. Katahara, R. Keck and M. Batzle, “In-situ stress 
predictions and measurements in an unconsolidated sandstone formation, the Lower Frio, 
East Texas”, Rock Mechanics, Nelson and Laubach (eds), Balkema, Rotterdam, 
Netherlands 1994. 


• (Ringrose et al., 2021): P. Ringrose, A. Furre, S. Gilfillan, S. Krevor, M. Landro, R. 
Leslie, T. Meckel, B Nazarian and A Zahid “Storage of Carbon Dioxide in Saline 
Aquifers”, Physicochemical Processes, Key Constraints and Scale-up Potential, Annu. 
Rev Chem. Biomol. Eng. 2021 12:471-94,  


• (Robertson, 1988): E. C. Robertson, “Thermal Properties of Rocks”, USGS Report 88-
441, 1988. 


• (Rowe and Chou, 1970): A. N. Rowe and J.C.S. Chou, “Pressure-volume-temperature-
concentration relation of aqueous NaCl solutions”, Journal of Chemical Engineering Data, 
15, 61 – 66 (2002). 


• (Rumpf et al., 1994): B. Rumpf, H. Nicolaisen, C. Ocal, and G. Maurer, “Solubility of 
carbon dioxide in aqueous solutions of sodium chloride: Experimental results and 
correlations”, Journal of Solution Chemistry, Vol.23, No.3, pp 431-438, 1994.   


• (Sakurai et al., 2005): S. Sakurai, A. Boyd, N. Muller and S. Hovorka, “Monitoring 
saturation changes for CO2 sequestration: petrophysical support of the Frio brine pilot 
experiment”, SPWLA 46’th Annual Logging Symposium, New Orleans, Louisiana, USA, 
26-29 June 2005. 


• (Scharlin, 1996): P. Scharlin, “Carbon dioxide in water and aqueous electrolyte solutions”, 
vol.62. Solubility data series. Oxford UK: Oxford University Press, International Union of 
Pure and Applied Chemistry; 1996. 


• (Schlumberger, 2021a): www.software.slb.com/products/petrel/petrel-geology-and-
modeling 


• (Schlumberger, 2021b): www.software.slb.com/products/eclipse 


• (Segall and Fitzgerald, 1996): P. Segall and S.D. Fitzgerald, “A note on induced stress in 
hydrocarbon and geothermal reservoirs”, Tectonophysics, 289 (1998) 117 – 128. 


• (Seni et al., 1997): S.J. Seni, T.F. Hentz, W.R. Kaiser, and E.G. Wermund, editors, “Atlas 
of northern Gulf of Mexico gas and oil reservoirs, Volume 1, Miocene and older reservoirs, 
Texas”, University of Texas, Austin, Bureau of Economic Geology, 1997. 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number: Page 12 of 14 
CONFIDENTIAL BUSINESS INFORMATION 
 
 


• (Shagiakhmetov and Tarzimanov, 1982): R.A. Shagiakhmetov, and A.A. Tarzimanov, 
1981, SPSTL 200 KHPD 81, 1982. 


• (Shi et al., 2011): J-Q. Shi, Z, Xue and S. Durucan, “Supercritical core flooding and 
imbibition in Tako sandstone – influence of sub-core scale heterogeneity”, Int. J. 
Greenhouse Gas Control, 2011, 5(1), 75 – 87. 


• (Simonson et al., 1994): J.M. Simonson, C.S. Oakes and R.J. Bodnar, “Densities of 
NaCl(aq) to the temperature 523 K at pressures to 40 MPa measured with a new vibrating-
tube densitometer”, Journal of Chemical Thermodynamics, Vol.26, pp 345-359, 1994. 


• (Spiteri and Juanes, 2006): E. J. Spiteri and R. Juanes, “Impact of relative permeability 
hysteresis on the numerical simulation of WAG injection”, J. Pet. Sci., 50(2), 115 – 139. 


• (Spiteri et al., 2005): E. J. Spiteri, R. Juanes, M. J. Blunt and F. M. Orr Jr., “Relative 
permeability hysteresis: Trapping models and applications to geological sequestration”, 
SPE Annual Technical Conference and Exhibition, Dallas, Texas, USA, 2005 (SPE 
96448). 


• (Spiteri et al., 2008): E. J. Spiteri, R. Juanes, M. J. Blunt and F. M. Orr, “A new model of 
trapping and relative permeability hysteresis for all wettability characteristics”, SPE J. 
13(3), 277 – 288. 


• (Suekane et al., 2008): T. Suekane, T. Nobuso, S. Hirai and M. Kiyota, “Geological 
storage of carbon dioxide by residual gas and solubility trapping”, Int. J. Greenhouse Gas 
Control, 2008, 2(1), 58 – 64. 


• (Sun et al., 2008): H. Sun, R. Feistel, M. Koch and A. Markoe, “New equations for density, 
entropy, heat capacity and potential temperature of a saline thermal fluid”, Deep-Sea 
Research pg. 1304 – 1310. 


• (Swanson et al., 2013): S.M. Swanson, A.W. Karlsen, B.J. Valentine, “Geologic 
Assessment of Undiscovered Oil and Gas Resources – Oligocene Frio and Anahuac 
Formations, United States Gulf of Mexico Coastal Plain and State Waters”, U.S. 
Geological Survey, Open-File report 2013-1257, 2013. 


• (Teeuw, 1971): D. Teeuw, “Prediction of Reservoir Compaction form Laboratory 
Compressibility Data”, SPEJ, (September 1971), 263 – 271.  


• (Teng et al., 1997): H. Teng, A. Yamasaki, M.K. Chun and H. Lee, “Solubility of liquid 
CO2 in water at temperatures from 278 K to 293 K and pressures from 6.44 MPa to 29.49 
MPa and densities of the corresponding aqueous solutions”, Journal of Chemical and 
Engineering data, Vol.29, pp 1301-1310, 1997. 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number: Page 13 of 14 
CONFIDENTIAL BUSINESS INFORMATION 
 
 


• (Timmerman, 1982): E. H. Timmerman, “Practical Reservoir Engineering”, Penwell, 
Technology and Engineering, 1982. 


• (Timoshenko and Goodier, 1970): S.P. Timoshenko and J.N. Goodier, “Theory of 
Elasticity”, 3’rd edition, McGraw-Hill International Editions, London, 1970. 


• (Vinsome and Westerveld, 1980): P. K. Vinsome and J. Westerveld, “A simple method 
of predicting cap and base rock heat losses in thermal recovery simulators”, J. Can, Pet. 
Tech, 1980. 


• (Wagner and Pruβ, 2002): W. Wagner and A. Pruβ, “The IAPWS Formulation 1995 for 
the thermodynamic properties of ordinary water substance for general and scientific use”, 
J. Phys. Chem. Ref. Data, Vol.31, No.2, pp 387-535, 2002. 


• (Wallace et al., 2017): K.J. Wallace, C.H. Rhatigan, R.H. Trevino and T.A. Meckel, 
“Estimating CO2 storage in a saline aquifer using 3D flow models, Lower Miocene, Texas 
Gulf of Mexico”, in Geological CO2 Sequestration Atlas of Miocene Strata, Offshore Texas 
State Waters, Bureau of Economic Geology, 2017. 


• (Welge, 1952): H.J. Welge, “A simplified method for computing oil recovery by gas or 
water drive”, Trans AIME, 195, 91-98 (1952). 


• (Wesson and Nicholson, 1987): R. L. Wesson and C. Nicholson, “Zero Cohesion Mohr-
Coulomb failure criterion”, method by E.I. du Pont de Nemours & Co. (1987). 


• (Xu et al., 2004): T. Xu, J.A. Apps and K. Preuss, “Numwerical simulation of CO2 
disposal by mineral trapping in deep aquifers”, Applied Geochemistry, 19 (6); 917. 


• (Xu, 2010): T. Xu et al, “Reactive transport modelling to study changes in water 
chemistry induced by CO2 injection at the Frio-I Brine Pilot”, Chemical Geology 2010 
271(3-4): p. 153-164. 


• (Yale et al., 1993): D.P. Yale, G.W. Nabor and J.A. Russell, “Application of variable 
formation compressibility for improved reservoir analysis”, presented at the 58th Annual 
Technical Conference and Exhibition of the Society of Petroleum Engineers, Houston, 
Texas, USA, 3 – 6 October 1993, SPE 26647. 


• (Yang and Aplin, 2007): Y. Yang and A. Aplin, “Permeability and petrophysical 
properties of 30 natural mudstones”, J. Geophys. Res., 112, B03206, doi 
0.1029/2005JB004243. 


• (Zarembo and Fedorov, 1975): V.I. Zarembo and M.K. Fedorov, “Density of sodium 
chloride solutions in the temperature range 25 – 350 oC at pressures up to 100kg/cm2”, 
Journal of Applied Chemistry USSR, 48, 2021 – 2024, 1975. 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number: Page 14 of 14 
CONFIDENTIAL BUSINESS INFORMATION 
 
 


• (Zaytsev and Aseyev, 1992): I.D. Zaytsev and G.G. Aseyev, “Properties of aqueous 
solutions of electrolytes”, CRC Press, 1992. 


• (Zeidouni et al., 2009): M. Zeidouni, M. Pooladi-Darvish and D. Keith, “Sensitivity 
analysis of salt precipitation and CO2-brine displacement in saline aquifers”, 2009 SPE 
International Conference on CO2 Capture, Storage and Utilization, San Diego, California, 
USA, 2-4 November 2009, SPE 126690. 


• (Zheng et al., 2019): X. Zheng, Z. Sun, and D. N. Espinoza, “Uniaxial strain unloading 
compressibility of Frio sand: Measures and implications of reservoir pressure management 
for CO2 storage”, 53rd US Rock Mechanics/Geomechanics Symposium, New York, NY, 
USA, 23-26 June 2019. 


• (Zimmerman, 1990): R.W. Zimmerman, “Compressibility of sandstones”, Developments 
in Petroleum Science 29”, Elsevier, 1990 


• (Zobeck, 1980): M.L. Zobeck and M. Zobeck, “State of stress in conterminous United 
States”, Journal of Geophysical Research, v.85, p6113-6156. 


• (Zuo et al., 2012): L. Zuo, S. Krevor, R. W. Falta and S. M. Benson, “An experimental 
study of CO2 exsolution and relative permeability measurements during CO2 
depressurization”, Transp. Por. Media, 2012, 91, 459 – 478.  


 












Area of Review and Corrective Action Plan for Project Minerva 
Permit Number: Page 1 of 2 
CONFIDENTIAL BUSINESS INFORMATION 


The material in this document is duplicative of the contents of AoR Section 4.0, beginning at page
92.  Please refer to the redacted version of the complete AoR provided via the ShareFile for tailored
CBI claims.


(b) (4)







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number: Page 2 of 2 
CONFIDENTIAL BUSINESS INFORMATION 











































Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 10 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


• (Bachu, 2008): S. Bachu and B. Bennion, “Effects of in-situ conditions on relative 


permeability characteristics of CO2-brine systems”, Environ. Geol., 54, 1707-1722. 


• (Bachu, 2009): S. Bachu and B. Bennion, “Interfacial tension between CO2, fresh-water, 


and brine in the range of pressures (2 to 27) MPa, temperature (20 to 125) C, and water 


salinity from (0 to 334 000) mgl-1, J. Chem. Eng. Data, 54, 765-775.   


• (Bachu, 2013): S. Bachu, “Drainage and imbibition CO2/brine relative permeability curves 


at in situ conditions for sandstone formations in western Canada”, GHGT-11, Energy 


Procedia, 37 (2013), 4428 – 4436. 


• (Baker 1979): Stratigraphic and Hydrogeologic Framework of Part of the Coastal Plain of 
Texas, Baker, E.T., 1979. 


• (Batzle, 1992): M. Batzle and Z. Wang, “Seismic properties of pore fluids”, Geophysics, 


57, 1396 – 1408, (1992). 


• (Bebout, 1982): Bebout, D.G., and Gutierrez, D.R., “Regional cross sections, Louisiana 


Gulf Coast, western part”, Louisiana Geological Survey Folio Series, no. 5, p. 1–11, 1982. 


• (Bebout, 1983): Bebout, D.G., and Gutierrez, D.R., “Regional cross sections, Louisiana 


Gulf Coast, eastern part”, Louisiana Geological Survey Folio Series, no. 6, p. 1–10, 1983. 


• (Bennion, 2008): D. B. Bennion and S. Bachu, “Drainage and imbibition relative 


permeability relationships for supercritical CO2/brine and H2S/brine systems in 


intergranular sandstones, carbonate, shale and anhydrite rocks”, SPE Res. Eval. & Eng., 


2008, 11, 487-496. 


• (Bennion, 2010): D. B. Bennion and S. Bachu, “Drainage and imbibition relative 


permeability curves at reservoir conditions for carbonate formations”, SPE paper 134028, 


SPE Annual Technical Conference and Exhibition, 19-22 September, Florence, Italy, 2010. 


• (Bethke, 1988): C.M. Bethke, W.J. Harrison, C. Upson and S.P. Altaner, “Supercomputer 


Analysis of Sedimentary Basins”, Science, Vol. 239, Washington D.C. 1988. 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 11 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


• (Bradley, 1992), H.B. Bradley (Editor in Chief), “Petroleum Engineering Handbook”, 


Society of Petroleum Engineers, 3rd printing, February 1992. 


• (Brooks, 1964): R.H. Brooks and A. T. Corey, “Hydraulic properties of porous media”, 


Colorado State University, Hydro Paper No.5, (1964). 


• (Carlson, 1981): F.M. Carlson, “Simulation of relative permeability hysteresis to the 


nonwetting phase”, SPE 10157-MS, Richardson, Texas, USA. 


• (Carter, 1960): R.D. Carter and G.W. Tracy, “An Improved Method for Calculating Water 


Influx”, Trans., AIME, 219, 415 – 417, 1960. 


• (Chalbaud, 2006): C. Chalbaud, M. Robin and P. Egerman, “Interfacial tension data and 


correlations of brine-CO2 systems under reservoir conditions”, SPE Annual Technical 


Conference and Exhibition, 2006, SPE paper 102918-MS.  


• (Chertov, 2014): M.A. Chertov and R. Suarez-Rivera, “Practical Laboratory Methods for 


Pore Volume Comprssibility Characterization in Different Rock Types”, presented at the 


48th US Rock Mechanics / Geomechanics Symposium, Minneaplois, MN, USA, 1 – 4 June 


2014, ARMA 14-7532.  


• (Chiquet, 2005): P. Chiquet and D. Broseta, “Capillary alteration of shale caprocks by 


carbon dioxide”, SPE special publication Mo. 94183, doi:10.2118/94183-MS.  


• (Chiquet, 2005): P. Chiquet, J. L. Daridon, D. Broseta and S. Thibeau, “CO2/water 


interfacial tension under temperature and pressure conditions for CO2 geologic storage”, 


Energy Conversion and Management, V.48, p. 736-744. 


• (Clark, 1988a): J.E. Clark, “Ground water flow in deep saline aquifers”, report E.I. du 


Pont de Nemours and Co., 1988. 


• (Clark, 1988b): D.A. Clark, “An experimental evaluation of containment properties for 


shales associated with deep-well hazardous waste injection zones”, Thesis University of 


Alabama, 1988. 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 12 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


• (CMG, 2021): www.cmgl.ca/gem 


• (Collins, 2020): Dan Collins, GeoStock, Houston, Texas, USA, private communication. 


• (Collins, 2021): Dan Collins, GeoStock, Houston, Texas, USA, private communication. 


• (Conger, 1986): R.M. Conger, “Upper Miocene Injection Reservoirs of the Geismar-St. 


Gabriel Industrial Area, Iberville and Ascension Parishes, Louisiana”, Journal of the 


Underground Injection Practices Council, Vol. 1, 1986. 


• (Core Laboratories, 1987a): Core Laboratories, “Special Core Analysis Study for E.I. 


duPont de Nemours & Company, Inc. Waste Disposal Tests”, File number SCAL-310-


87042, June 1987. 


• (Core Laboratories, 1987b): Core Laboratories, “Petrographic Study of Selected 


Sidewall Core Samples from a Beaumont Disposal Well for DuPont Chemicals, Inc.”, File 


number 287107, June 1987. 


• (Cossey, 1992): Cossey, P.J., and Jacobs, R.E., “Oligocene Hackberry Formation of 


southwest Louisiana—Sequence stratigraphy, sedimentology, and hydrocarbon potential”, 


American Association of Petroleum Geologists Bulletin, v. 76, no. 5, p. 589–606, 1992. 


• (Crowell, 1966): D. C. Crowell, G. W. Dean and A. G. Loomis, “Efficiency of gas 


displacement from a water-drive reservoir”, RI 6735, USBM (1966). 


• (Dake, 1978): L. P. Dake, “Fundamentals of Reservoir Engineering”, Elsevier, 


Amsterdam, 1978. 


• (Darcy, 1856): H. Darcy, “Les fontaines publiques de la ville de Dijon”, Paris, Dalmont. 


• (Dardaganian, 1957): S. G. Dardaganian, “The displacement of gas by oil in the presence 


of connate water”, M.Sc. thesis, Texas A&M University, College Station, Texas, USA. 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 13 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


• (Diamond, 2003): L.W. Diamond and N.N. Akinfiev, “Solubility of CO2 in water from -


1.5 to 100 oC and from 0.1 to 1000 MPa: evaluation of literature data and thermodynamic 


modelling”, Fluid Phase Equilibria, 208 (2003) 265-290. 


• (Dodge, 1981): Dodge, M.M., and Posey, J.S., “Structural cross sections, Tertiary 


Formations, Texas Gulf Coast”, University of Texas at Austin, Bureau of Economic 


Geology, 33 maps, 6 p, 1981. 


• (Doughty, 2007): C. Doughty, B. Freifeld and R. Trautz, “Site characterisation for CO2 


geologic storage and vice versa: the Frio brine pilot, Texas, USA as a case study”, LBNL, 


2007. 


• (Dudley, 2016): J.W. Dudley, M. Brignoli, B. R. Crawford and R.T. Ewy, “ISRM 


Suggested Method for Uniaxial-Strain Compressibility Testing for Reservoir 


Geomechanics”, Rock Mechanics and Rock Engineering, 49 (10) 4153 – 4178, 


http://doi.org/10.1007/s00603-016-1055-4. 


• (Duan, 2003): Z. Duan and R. Sun, “An improved model calculating CO2 solubility in 


pure water and aqueous NaCl solutions from 273 to 533 K and from 0 to 2000 bar”, 


Chemical Geology, 193 (3-4); 257. 


• (Dyes, 1954): A. B. Dyes, “Production of water-driven reservoirs below their bubble 


point”, Trans. AIME (1954), Vol. 201, 240 – 244. 


• (Engelder, 1997): T. Engelder and J.T. Leftwich Jr., “A pore-pressure limit in 


overpressured South Texas oil and gas fields”, in R.C. Surdam ed, Seals, traps and 


the petroleum system: AAPG Memoir 67, p255-267. 


• EPA Guidance Class VI – AOR: https://www.epa.gov/uic/class-vi-wells-used-


geologic-sequestration-co2. 


• (Eubanks, 1987): Eubanks, L.G., “North Sabine Lake Field—Complex deposition and 


reservoir morphology of lower Hackberry (Oligocene), southwest Louisiana”, American 


Association of Petroleum Geologists Bulletin, v. 71, no. 10, p. 1162–1170, 1987. 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 14 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


• (Frick, 1962): T.C. Frick (Editor in Chief), R.W. Taylor (Associate Editor), 


“Petroleum Production Handbook”, McGraw Hill Book Company, 1962. 


• (Fjaer, 2008): E. Fjaer, R.M. Holt, P. Horsrud, A.M. Raaen and R. Risnes, 


“Petroleum Related Rock Mechanics”, Elsevier, 2nd edition, 2008. 


• (Galloway, 1982): Galloway, W.E., Hobday, D.K., and Magar, K., “Frio Formation of 


Texas Gulf Coastal Plain—Depositional systems, structural framework, and 


hydrocarbon distribution”, American Association of Petroleum Geologists Bulletin, v. 


66, no. 6, p. 649–688. 1982. 


• (Galloway, 1991): Galloway, W.E., Bebout, D.G., Fisher, W.L., Dunlap, J.B., Jr., 


Cabrera-Castro, R., Lugo-Rivera, J.E., and Scott, T.M., “Cenozoic, in Salvador, A., ed., 


The Gulf of Mexico Basin”, Boulder, Colo., Geological Society of America, The 


Geology of North America, v. J, p. 245–324, 1991. 


• (Galloway, 1997): Galloway, W.E., “Catahoula Formation of the Texas coastal plain—


Depositional systems, composition, structural development, ground-water flow history, 


and uranium distribution”, University of Texas at Austin, Bureau of Economic Geology, 


Report of Investigations 87, 59 p, 1997. 


• (Galloway, 2000): Galloway, W.E., Ganey-Curry, P.E., Li, X., and Buffler, R.T., 


“Cenozoic depositional history of the Gulf of Mexico basin”, American Association of 


Petroleum Geologists Bulletin, v. 84, no. 11, p. 1743–1774, 2000. 


• (Garcia, 2001): J.E. Garcia, “Density of aqueous solutions of CO2”, report LBNL-


49023, Lawrence Berkeley National Laboratory, October 2001. 


• (Garrett, 1938): J.B. Garrett, “The Hackberry assemblage – An interesting 


foraminal fauna of post-Vicksburg age from deep wells in the Gulf Coast”; Journal 


of Paleontology, V.12, p 309 – 317 (1938). 


• (Geertsma, 1957): J. Geertsma, “The Effect of Fluid Pressure Decline on 


Volumetric Changes of Porous Rocks”, Trans., AIME (1957) 210, 331 – 340. 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 15 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


• (Gennes, 2004): P.-G. de Genes, F. Brochard-Wyart and D. Quere, “Capillarity and 


wetting phenomena: Drops, Bubles, Pearls, Waves”, Springer, New York, 2006. 


• (Ghanbari, 2006): S. Ghanbari, Y. Al-Zaabi, G. E. Pickup, E. Mackay, F. 


Gozalpour and A. C. Ford, “Simulation of CO2 storage in saline aquifers”, Trans. 


IChemE, Part A September 2006, Chemical Engineering Resaerch and Design, 84 


(A9), 764-775. 


• (Ghomian, 2008): Yousef Ghomian, Gary A. Pope and Kamy Sepehrnoori, 


“Reservoir simulation of CO2 sequestration pilot in Frio brine formation, USA Gulf 


Coast”, Energy 22 (2008) 1055-1067. 


• (Gill, 1982): A.E. Gill, “Atmosphere-ocean dynamics”, Academic Press, Mew York 


(1982). 


• (Goddard, 2005): D.A. Goddard, R.K. Zimmerman and C.M Meeks, “Remaining 


hydrocarbon potential in Oligocene reservoirs of mature fields West Baton Rouge 


Parish, Louisiana”, Gulf Coast Association of Geological Societies Transactions, 


v.55m p. 251 – 267, (2005). 


• (Gollakota, 2014): S. Gollakota and S McDonald, “Commercial-scale CCS project, 


Illinois – Construction Status and Operational Plans for Demonstration”, GHGT-


12, Energy Procedia 63 (2014) 5986 – 5993. 


• (Gundogan, 2011): O. Gundogan, “Geochemical modelling of CO2 storage”, PhD thesis, 


Heriot-Watt University, June 2011. 


• (Gutierrez, 2001): M. Gutierrez, R.W. Lewis and I. Masters, “Petroleum Reservoir 


Simulation Coupling Fluid Flow and Geomechanics”, SPE 72095, 2001. 


• (Hammes, 2007, a): Hammes, U., Loucks, R.G., Brown, L.F., Jr., Treviño, R.H., Montoya, 


P., and Remington, R.L., “Reservoir geology, structural architecture, and sequence 


stratigraphy of a growth-faulted subbasin—Oligocene Lower Frio Formation, Red Fish 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 16 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


Bay Area, South Texas Gulf Coast”, University of Texas at Austin, Bureau of Economic 


Geology, Report of Investigations 272, 28 p, 2007 


• (Hammes, 2007, b): Hammes, U., Zeng, H., Loucks, R., and Brown, F., Jr., “All fill, no 


spill—Slope-fan sand bodies in growth-faulted subbasins, Oligocene Frio Formation, 


South Texas Gulf Coast”, Gulf Coast Association of Geological Societies Transactions, v. 


57, p. 361–371, 2007 


• (Hanor, 2007): J.S. Hanor and J.C. McIntosh, “Diverse origins and timing of 


formation of basinal brines in the Gulf of Mexico sedimentary basin”, Geofluids 


(2007) 7, 227-237. 


• (Hernandez-Mendoza, 2008): Hernandez-Mendoza, J.J., Hentz, T.F., DeAngelo, 


M.V., Wawrzyniec, T.F., Sakurai, S., Talukdar, S.C., and Holtz, M.H., “Miocene 


chronostratigraphy, paleogeography, and play framework of the Burgos Basin, southern 


Gulf of Mexico”, American Association of Petroleum Geologists Bulletin, v. 92, no. 11, 


p. 1501–1535, 2008. 


• (Holmgren, 1951): C. R. Holmgren and R. A. Morse, “Effect of free gas saturation 


on oil recovery by water flooding”, Trans. AIME (1951), Vol. 192, 135 – 140 


• (Hosseini, 2019):  Seyyed Hosseini of the Bureau of Economic Geology at the 


University of Texas in Austin, Texas, USA, private communication. 


• (Hovorka et al, 2007): FRIO FINAL TECHNICAL REPORT (osti.gov) 


• (Hovorka, 2008): S. Hovorka et al,  www.osti.gov; “Frio final technical report – 


OSTI.gov”.  


• (Hovorka, 2018): Susan D. Hovorka, Peter Tutton, Ramón H. Treviño “Feasibility 


study of CO2 storage in saline formations in the region of the planned Lake Charles 


Methanol Plant”, Final Report, Gulf Coast Carbon Center, Bureau of Economic 


Geology, Jackson School of Geosciences, The University of Texas at Austin, July 


30, 2018.  







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 17 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


• (Hnedkovsky, 1996): L. Hnedkovsky, R. Wood and V. Majer, “Volumes of 


aqueous solutions of CH4, CO2, H2S and NH3 at temperatures from 298.15 K to 705 


K and pressures to 35 MPa”, Journal of Chemical Thermodynamics, Vol. 28, pp 


125-142, 1996. 


• (Iglauer, 2015): S. Iglauer, C. H. Pentland and A. Busch, “CO2 wettability of seal 


and reservoir rocks and the implications for carbon geo-sequestration: Water 


Resources Research, v. 51, p. 729 – 774.  


• (Jaeger and Cook, 1976): J.C. Jaeger and N.G.W. Cook, “Fundamentals of Rock 


Mechanics”, Chapman and Hall, London (1976). 


• (Jamieson, 1969): D.T. Jamieson, J.S. Tudhope, R. Morris and G. Cartwright, 


“Physical properties of sea-water solutions: heat capacity”, Desalination, 7 


(1969/70) 23-30. 


• (Jamieson, 1970): D.T. Jamieson, J.S. Tudhope, R. Morris and G. Cartwright, 


“Physical properties of sea-water solutions: thermal conductivity”, Desalination, 8 


(1970) 393-401. 


• (Jerauld, 1997): G. R. Jerauld, “General three-phase relative permeability model 


for Prudhoe Bay2, SPE Reservoir Eval. Eng., 12(4), 255 – 263. 


• (John, 1992): John, C.J., Jones, B.L., Pope, D.E., and Silva, M.E., “AN-1. Anahuac 


Sandstone—Louisiana Gulf Coast”, in Bebout, D.G., White, W.A., Garrett, C.M., Jr., 


and Hentz, T.F., eds., Atlas of major central and eastern Gulf Coast gas reservoirs: 


University of Texas at Austin, Bureau of Economic Geology, p. 25–27, 1992. 


• (Juanes, 2006): R. Juanes, E.J. Spiteri, F.M. Orr and M.J. Blunt, “Impact of relative 


permeabilities on geological CO2 storage”, Water Resources Research, Vol.42 


W12418, 2006. 


• (Jung, 2017): H. Jung, G. Singh, N. Espinoza and M. F. Wheeler, “An integrated 


case study of the Frio CO2 sequestration pilot test for safe and effective carbon 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 18 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


storage including compositional flow and geomechanics”, SPE Reservoir 


Simulation Conference, Montgomery, Texas, USA, 20-22 February 2017, SPE 


182710-MS. 


• (Kestin, 1978): J. Kestin, D.C. Thomas, Y. Abe, C.E. Grimes H. Sookiazian and 


W.A. Wakeham, “Effect of pressure on viscosity of aqueous NaCl solutions in the 


temperature range 20 – 150 oC “, Journal of Chemical and Engineering Data, 23, 


328 – 336, (1978). 


• (Kestin, 1981a): J. Kestin, H.E. Khalifa and R.J. Correia, “Tables of dynamic and 


kinematic viscosity of aqueous KCl solutions in the temperature range 25 – 150 oC 


and the pressure range 0.1 – 35 MPa”, Journal of Physical Chemistry Reference 


Data, 10, 57 – 70, (1981). 


• (Kestin, 1981b): J. Kestin, H.E. Khalifa and R.J. Correia, “Tables of dynamic and 


kinematic viscosity of aqueous NaCl solutions in the temperature range 25 – 150 oC 


and the pressure range 0.1 – 35 MPa”, Journal of Physical Chemistry Reference 


Data, 10, 71 - 87, (1981). 


• (Kestin, 1984): J. Kestin and J. R. Shankland, “Viscosity of aqueous NaCl solutions 


in the temperature range 25 – 200 oC and in the pressure range 0.1 – 30 MPa”, 


International Journal of Thermophysics, 5, 241 – 263 (1984). 


• (Kemp, 1989): N.P. Kemp, D.C. Thomas, G. Atkinson and B.L. Atkinson, “Density 


modelling for brines as a function of composition, temperature and pressure”, SPE 


production Engineering, 4, 394 – 400 (1989). 


• (Killough, 1976): J.E. Killough, “Reservoir simulation with history-dependent 


saturation functions”, Soc. Pet. Eng. J., 16(1), 37-48, 1976. 


• (Kharaka, 2006): Y.K.Kharaka, D.R.Cole, S.D. Hovorka, W.D. Gunter, K.G. 


Knauss and B.M. Freifield, “Gas-water-rock interactions in Frio formation 


following CO2 injection: Implications for the storage of greenhouse gases in 


sedimentary basins”, Geology, July 2006, v.34, no.7, 577-580. 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 19 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


• (Kharaka, 1988): K.A. Kharaka, W.D. Gunter, P.K.  Aggarwel. E.H. Perkins and 


J.D. DeBraal, “SOLMINEQ.88: A computer program for geochemical modelling of 


water-rock interactions”, U.S. Geological Survey Water Resources Investigations 


Report 88-4227, p.314-420. 


• (Krevor, 2012): S.C.M. Krevor, R. Pini, L. Zuo and S.M. Benson, “Relative 


permeability and trapping of CO2 and water in sandstone rocks at reservoir 


conditions”, Water Resources Research, Vol.48, W02532, 2012. 


• (Krutak, 1990): Krutak, P.R. and Beron, P., Jr., “Heterostegina Zone—A shallow 


Anahuac (late Oligocene–early Miocene) oil frontier in southern Louisiana and 


Mississippi”, Gulf Coast Association of Geological Societies Transactions, v. 40, p. 


397–409, 1990. 


• (Kumar, 2004): A. Kumar, “A simulation study of carbon dioxide sequestration in deep 


saline aquifers”, M.Sc. thesis, University of Texas at Austin, 2004. 


• (Kumar, 2005): A. Kumar, M. Noh, G.A. Pope, S. Bryant, K. Sepehrnoori and L.W. Lake, 


“Reservoir simulation of CO2 storage in deep saline aquifers”, SPE Journal, September 


2005, pp 336 – 348. 


• (Kyte, 1956):  J. R. Kyte, R. J. Stanclift, S. C. Stephan Jr. and L. A, Rapoport, “Mechanism 


of waterflooding in the presence of free gas”, Trans., AIME (1956), Vol. 207, 215 – 221. 


• (Land, 1964): C. S. Land, “The optimum gas saturation for maximum oil recovery from 


displacement by water”, SPE 2216, presented at the SPE-AIME 43rd Annual Fall Meeting, 


Denver, Colorado, USA, 29 September – 2 October, 1969. 


• (Lohrenz et al, 1964): J. Lohrenz, B. C. Bray and C. R. Clark, “Calculating viscosities of 


reservoir fluids from their compositions”, JPT, (October 1964), 1171. 


• (Loucks, 1984): Loucks, R.G., Dodge, M.M., and Galloway, W.E., “Regional controls on 


diagenesis and reservoir quality in Lower Tertiary sandstones along the Texas Gulf Coast”, 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 20 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


in Clastic diagenesis, Part 1—Concepts and principles: American Association of Petroleum 


Geologists Special Volume M 37, v. A059, p. 15–45, 1984. 


• (Loucks, 2005): Loucks, R.G., “Revisiting the importance of secondary dissolution pores 


in Tertiary sandstones along the Texas Gulf Coast”,  Gulf Coast Association of Geological 


Societies Transactions, v. 55, p. 447–455, 2005. 


• (Lu, 2017): J. Lu, D.L. Carr, R.H. Trevino, J-L. T. Rhatigan and R. Fifariz, “Evaluation of 


Lower Miocene Confining Units for CO2 Storage, Offshore Texas State Waters, Northern 


Guf of Mexico, USA”, in Geological CO2 Sequestration Atlas of Miocene Strata, Offshore 


Texas State Waters, Bureau of Economic Geology, 2017. 


• (Makowitz, 2006): Makowitz, A., Lander, R.H., and Milliken, K.L., “Diagenetic modeling 


to assess the relative timing of quartz cementation and brittle grain processes during 


compaction”, American Association of Petroleum Geologists Bulletin, v. 90, no. 6, p. 873–


885, 2006. 


• (Mathias, 2013): S. Mathias, J. Gluyas, G. Gonzalez S. Bryant and D. Wilson, “On relative 


permeability data uncertainty and CO2 injectivity estimation for brine aquifers”, Int. J. 


Greenhouse Gas Control 12, 200 – 212, January 2013.    


• (McCain, 1991): W.D. McCain Jr, “Reservoir fluid property correlations – state of the 


art”, SPE Reservoir Engineering, 6, 266 – 272 (1991).  


• (McCain, 2017): W.D. McCain, “The Properties of Petroleum Fluids”, Pennwell Books, 


3rd Edition, 2017. 


• (Meckel, 2010): T. Meckel, “Capillary seals for trapping carbon dioxide (CO2) in 


underground reservoirs, in Matroto-Valer M. M. editor, Developments and innovation in 


carbon dioxide (CO2) capture and storage technology: Woodhead publishing series in 


energy, V.2, p. 185-202.  


• (Meckel, 2017): T.A. Meckel, A.J. Nicholson and R.H. Trevino, “Capillary Aspects of 


Fault-Seal Capacity for CO2 Storage, Lower Miocene, Texas Gulf of Mexico”, in 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 21 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


Geological CO2 Sequestration Atlas of Miocene Strata, Offshore Texas State Waters, 


Bureau of Economic Geology, 2017. 


• (Müller, 2011): N. Müller, “Supercritical CO2-brine relative permeability experiments in 


reservoir rocks – Literature review and recommendations”, Transp. Por. Media, 2011, 


87(2), 367 – 383.  


• (Nagihara, 2010): S. Nagihara, “Characterisation of the sedimentary thermal regime along 


the Corsair growth-fault zone, Texas continental shelf, using corrected bottomhole 


temperatures”, AAPG Bulletin, v.94, p923-935. 


• (Nehring, 1991): Nehring, R., “Oil and gas resources”, in Salvador, A., ed., The Gulf of 


Mexico Basin: Boulder, Colo., Geological Society of America, The Geology of North 


America, v. J, p. 445–494, 1991. 


• (Nelson, 2009): P. H. Nelson, “Pore-throat sizes in sandstones, tight sandstones, and 


shales”, AAPG Bulletin, V.93, No.3 (March 2009), p.329-340. 


• (Nicholson, 2012): A.J. Nicholson, “Empirical analysis of fault seal capacity for CO2 


sequestration. Lower Miocene, Texas Gulf Coast”, University of Texas, Austin, MSc 


Thesis. 


• (Nicot, 2009): J-P Nicot, C.M. Oldenburg, S.L. Bryant and S.D. Hovorka, “Pressure 


perturbations from geologic carbon sequestration: Area-of-review boundaries and borehole 


leakage driving forces”, Energy Procedia, 1 (2009) 47-54. 


• (Nighswander, 1989): J.A. Nighswander, N. Kalogerakis and A. K. Mehrotra, 


“Solubilities of carbon dioxide in water and 1 wt.% sodium chloride solutions at pressures 


up to 10 MPa and temperatures from 80 to 200oC”, Journal of Chemical and Engineering 


Data, Vol.34, pp 355-360, 1989. 


• (NRG Associates, 2006): NRG Associates, Inc., “The significant oil and gas fields of the 


United States”, Database available from NRG Associates, Inc., P.O. Box 1655, Colorado 


Springs, CO 80901, 2006 [includes data current as of December 31, 2004]. 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 22 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


• (Nur, 1971): A. Nue and J.D. Bayerlee, “An exact effective stress law for elastic 


deformation of rock with fluids”, Jour. Geophys. Res. 76, 6414 – 6419, 1971. 


• (Oak, 1990): M. J. Oak, “Three phase relative permeability of water-wet Berea”, SPE 


20183-MS, SPE/DOE 20183, 1990, SPE Richardson, Texas, USA. 


• (O’Neil, 2013): M. J. O'Neil, (ed.). The Merck Index - An Encyclopedia of Chemicals, 


Drugs, and Biologicals. Cambridge, UK: Royal Society of Chemistry, 2013., p. 315. 


• (Ong, 2001): S. Ong, Z. Zheng and R. Chhhajlani, “Pressure-Dependent Pore Volume 


Compressibility – A Cost Effective Log-Based Approach”, presented at the SPE Asia 


Pacific Improved Oil Recovery Conference, Kuala-Lumpur, Malaysia, 8 – 9 October 1991, 


SPE 72116. 


• (Paine, 1968): Paine, W.R., “Stratigraphy and sedimentation of subsurface Hackberry 


wedge and associated beds of southwestern Louisiana”, American Association of 


Petroleum Geologists Bulletin, v. 52, no. 2, p. 322–342 (1968). 


• (Palliser, 1998a): C. Palliser and R. McKibbin, “A model for deep geothermal brines, I: 


T-P-X state-space description”, Transport in Porous Media, 33, 65 – 80 (1998). 


• (Palliser, 1998b): C. Palliser and R. McKibbin, “A model for deep geothermal brines, II: 


T-P-X state-space description”, Transport in Porous Media, 33, 129 - 154 (1998). 


• (Palliser, 1998c): C. Palliser and R. McKibbin, “A model for deep geothermal brines, III: 


T-P-X state-space description”, Transport in Porous Media, 33, 155 - 171 (1998). 


• (Parkinson, 1969): W. Parkinson and N.D. Nevers, “Partial molal volume of carbon 


dioxide in water solutions”, Industrial and Engineering Chemistry Fundamentals, Vol. 8, 


No.4, pp 709-713, 1969. 


• (Peng, Robinson, 1976): D.Y. Peng and D.B. Robinson, “A new two-constant equation of 


state”, Industrial and Engineering Chemistry: Fundamentals, 15 59-64, 1976. 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 23 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


• (Pentland, 2011): C. H. Pentland, R. El-Maghraby, S. Iglauer and M. J. Blunt, 


“Measurements of the capillary trapping of super-critical carbon dioxide in Berea 


sandstone”, Geophys. Res. Lett., 38, L06401 (2011) 


• (Perrin, 2010): J-C. Perrin and S. M. Benson, “An experimental study on the influence of 


sub-core scale heterogeneities on CO2 distribution in reservoir rocks”, Transp. Por. Media, 


2010; 82(1), 93 – 109. 


• (Petroleum Experts, 2020): Petroleum Experts Limited, Petex House, 10 Logie Mill, 


Edinburgh, EH7 4HG, United Kingdom; www.petex.com; email: edinburgh@petex.com. 


• (Phillips, 1981): S.L. Phillips, A. Igbenc, J.A. Fair, H. Ozbek and M. Tavana, “A technical 


databook for geothermal energy utilisation”, Lawrence Berkeley Laboratory Report 12810 


(1981). 


• (Porter, 1987): W.M. Porter and S.W. Newsom, “Shale Porosity and Permeability”, 1987, 


communicated by (Collins, 2020). 


• (Potter, 1971): R.W. Potter II and D.L. Brown, “The volumetric properties of sodium 


chloride solutions from 0 to 500 oC at pressures up to 2000 bars based on a regression of 


available data in literature”, US Geological Survey Bulletin, 1421-1, 1971.   


• (Press and Siever, 1985): F Press and R Siever, “Earth”, Freeman, 4’th edition, New York 


1985. 


• (Robertson, 1988): E. C. Robertson, “Thermal Properties of Rocks”, USGS Report 88-


441, 1988. 


• (Ramos, 1994): G. Ramos, K. Katahara, R. Keck and M. Batzle, “In-situ stress predictions 


and measurements in an unconsolidated sandstone formation, the Lower Frio, East Texas”, 


Rock Mechanics, Nelson and Laubach (eds), Balkema, Rotterdam, Netherlands 1994. 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 24 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


• (Rowe, 1970): A. N. Rowe and J.C.S. Chou, “Pressure-volume-temperature-concentration 


relation of aqueous NaCl solutions”, Journal of Chemical Engineering Data, 15, 61 – 66 


(2002). 


• (Rumpf, 1994): B. Rumpf, H. Nicolaisen, C. Ocal, and G. Maurer, “Solubility of carbon 


dioxide in aqueous solutions of sodium chloride: Experimental results and correlations”, 


Journal of Solution Chemistry, Vol.23, No.3, pp 431-438, 1994.   


• (Sakurai, 2005): S. Sakurai, A. Boyd, N. Muller and S. Hovorka, “Monitoring saturation 


changes for CO2 sequestration: petrophysical support of the Frio brine pilot experiment”, 


SPWLA 46’th Annual Logging Symposium, New Orleans, Louisiana, USA, 26-29 June 


2005. 


• (Scharlin, 1996): P. Scharlin, “Carbon dioxide in water and aqueous electrolyte solutions”, 


vol.62. Solubility data series. Oxford UK: Oxford University Press, International Union of 


Pure and Applied Chemistry; 1996. 


• (Schlumberger, 2021a): www.software.slb.com/products/petrel/petrel-geology-and-


modeling 


• (Schlumberger, 2021b): www.software.slb.com/products/eclipse 


• (Segall, 1996): P. Segall and S.D. Fitzgerald, “A note on induced stress in hydrocarbon 


and geothermal reservoirs”, Tectonophysics, 289 (1998) 117 – 128. 


• (Seni, 1997): S.J. Seni, T.F. Hentz, W.R. Kaiser, and E.G. Wermund, editors, “Atlas of 


northern Gulf of Mexico gas and oil reservoirs, Volume 1, Miocene and older reservoirs, 


Texas”, University of Texas, Austin, Bureau of Economic Geology, 1997. 


• (Shagiakhmetov (1982): R.A. Shagiakhmetov, and A.A. Tarzimanov, 1981, SPSTL 200 


KHPD 81, 1982. 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 25 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


• (Shi, 2011): J-Q. Shi, Z, Xue and S. Durucan, “Supercritical core flooding and imbibition 


in Tako sandstone – influence of sub-core scale heterogeneity”, Int. J. Greenhouse Gas 


Control, 2011, 5(1), 75 – 87. 


• (Simonson, 1994): J.M. Simonson, C.S. Oakes and R.J. Bodnar, “Densities of NaCl(aq) to 


the temperature 523 K at pressures to 40 MPa measured with a new vibrating-tube 


densitometer”, Journal of Chemical Thermodynamics, Vol.26, pp 345-359, 1994. 


•  (Spiteri, 2005): E. J. Spiteri, R. Juanes, M. J. Blunt and F. M. Orr Jr., “Relative 


permeability hysteresis: Trapping models and applications to geological sequestration”, 


SPE Annual Technical Conference and Exhibition, Dallas, Texas, USA, 2005 (SPE 


96448). 


• (Spiteri, 2006): E. J. Spiteri and R. Juanes, “Impact of relative permeability hysteresis on 


the numerical simulation of WAG injection”, J. Pet. Sci., 50(2), 115 – 139. 


• (Spiteri, 2008): E. J. Spiteri, R. Juanes, M. J. Blunt and F. M. Orr, “A new model of 


trapping and relative permeability hysteresis for all wettability characteristics”, SPE J. 


13(3), 277 – 288. 


• (Suekane, 2008): T. Suekane, T. Nobuso, S. Hirai and M. Kiyota, “Geological storage of 


carbon dioxide by residual gas and solubility trapping”, Int. J. Greenhouse Gas Control, 


2008, 2(1), 58 – 64. 


• (Sun, 2008): H. Sun, R. Feistel, M. Koch and A. Markoe, “New equations for density, 


entropy, heat capacity and potential temperature of a saline thermal fluid”, Deep-Sea 


Research p. 1304 – 1310. 


• (Swanson, 2013): S.M. Swanson, A.W. Karlsen, B.J. Valentine, “Geologic Assessment of 


Undiscovered Oil and Gas Resources – Oligocene Frio and Anahuac Formations, United 


States Gulf of Mexico Coastal Plain and State Waters”, U.S. Geological Survey, Open-File 


report 2013-1257, 2013. 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 26 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


• (Teeuw, 1971): D. Teeuw, “Prediction of Reservoir Compaction form Laboratory 


Compressibility Data”, SPEJ, (September 1971), 263 – 271.  


• (Teng, 1997): H. Teng, A. Yamasaki, M.K. Chun and H. Lee, “Solubility of liquid CO2 in 


water at temperatures from 278 K to 293 K and pressures from 6.44 MPa to 29.49 MPa 


and densities of the corresponding aqueous solutions”, Journal of Chemical and 


Engineering data, Vol.29, pp 1301-1310, 1997. 


• (Timmerman, 1982): E. H. Timmerman, “Practical Reservoir Engineering”, Penwell, 


Technology and Engineering, 1982. 


• (Timoshenko, 1970): S.P. Timoshenko and J.N. Goodier, “Theory of Elasticity”, 3’rd 


edition, McGraw-Hill International Editions, London, 1970. 


• (Tipsword, 1966): Tipsword, H.L., Setzer, F.M., and Smith, F.L., “Interpretation of 


depositional environment in Gulf Coast petroleum exploration from paleoecology and 


related stratigraphy”, Gulf Coast Association of Geological Societies Transactions, v. 16, 


p. 119–130, 1966. 


• (Vinsome, 1980): P. K. Vinsome and J. Westerveld, “A simple method of predicting cap 


and base rock heat losses in thermal recovery simulators”, J. Can, Pet. Tech, 1980. 


• (Wagner, 2002): W. Wagner and A. Pruβ, “The IAPWS Formulation 1995 for the 


thermodynamic properties of ordinary water substance for general and scientific use”, J. 


Phys. Chem. Ref. Data, Vol.31, No.2, pp 387-535, 2002. 


• (Wallace, 2017): K.J. Wallace, C.H. Rhatigan, R.H. Trevino and T.A. Meckel, “Estimating 


CO2 storage in a saline aquifer using 3D flow models, Lower Miocene, Texas Gulf of 


Mexico”, in Geological CO2 Sequestration Atlas of Miocene Strata, Offshore Texas State 


Waters, Bureau of Economic Geology, 2017. 


• (Warner, 1986): D.L. Warner, T. Syed and S.N. Davis, “Confining Layer Study”, US EPA 


Region V, 1986. 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 27 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


• (Welge, 1952): H.J. Welge, “A simplified method for computing oil recovery by gas or 


water drive”, Trans AIME, 195, 91-98 (1952). 


• (Wesson, 1987): R. L. Wesson and C. Nicholson, “Zero Cohesion Mohr-Coulomb failure 


criterion”, method by E.I. du Pont de Nemours & Co. (1987). 


• (Williamson, 1959): J.D.M. Williamson, “Gulf Coast Cenozoic History”, Trans. Gulf 


Coast Assoc. Geol. Soc. 9, 15 (1959). 


• (Xu, 2004): T. Xu, J.A. Apps and K.Preuss, “Numwerical simulation of CO2 disposal by 


mineral trapping in deep aquifers”, Applied Geochemistry, 19 (6); 917. 


• (Yale, 1993): D.P. Yale, G.W. Nabor and J.A. Russell, “Application of variable formation 


compressibility for improved reservoir analysis”, presented at the 58th Annual Technical 


Conference and Exhibition of the Society of Petroleum Engineers, Houston, Texas, USA, 


3 – 6 October 1993, SPE 26647. 


• (Yang and Aplin, 2007): Y. Yang and A. Aplin, “Permeability and petrophysical 


properties of 30 natural mudstones”, J. Geophys. Res., 112, B03206, doi 


0.1029/2005JB004243. 


• (Zarembo, 1975): V.I. Zarembo and M.K. Fedorov, “Density of sodium chloride solutions 


in the temperature range 25 – 350 oC at pressures up to 100kg/cm2”, Journal of Applied 


Chemistry USSR, 48, 2021 – 2024, 1975. 


• (Zaytsev, 1992): I.D. Zaytsev and G.G. Aseyev, “Properties of aqueous solutions of 


electrolytes”, CRC Press, 1992. 


• (Zeidouni, 2009): M. Zeidouni, M. Pooladi-Darvish and D. Keith, “Sensitivity analysis of 


salt precipitation and CO2-brine displacement in saline aquifers”, 2009 SPE International 


Conference on CO2 Capture, Storage and Utilisation, San Diego, California, USA, 2-4 


November 2009, SPE 126690. 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 28 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


• (Zimmerman, 1990): R.W. Zimmerman, “Compressibility of sandstones”, Developments


in Petroleum Science 29”, Elsevier, 1990


• (Zheng, 2019): X. Zheng, Z. Sun and D. N. Espinoza, “Uniaxial strain unloading


compressibility of Frio sand: Measures and implications of reservoir pressure management


for CO2 storage”, 53rd US Rock Mechanics/Geomechanics Symposium, New York, NY,


USA, 23-26 June 2019.


• (Zobeck, 1980): M.L. Zobeck and M. Zobeck, “State of stress in conterminous United


States”, Journal of Geophysical Research, v.85, p6113-6156.


• (Zuo, 2012): L. Zuo, S. Krevor, R. W. Falta and S. M. Benson, “An experimental study of


CO2 exsolution and relative permeability measurements during CO2 depressurisation”,


Transp. Por. Media, 2012, 91, 459 – 478.












Area of Review and Corrective Action Plan for Project Minerva 
Permit Number: Page 1 of 2 
CONFIDENTIAL BUSINESS INFORMATION 


The material in this document is duplicative of the contents of AoR Section 4.0, beginning at page
92.  Please refer to the redacted version of the complete AoR provided via the ShareFile for tailored
CBI claims.


(b) (4)







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number: Page 2 of 2 
CONFIDENTIAL BUSINESS INFORMATION 











































Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 10 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


• (Bachu, 2008): S. Bachu and B. Bennion, “Effects of in-situ conditions on relative 


permeability characteristics of CO2-brine systems”, Environ. Geol., 54, 1707-1722. 


• (Bachu, 2009): S. Bachu and B. Bennion, “Interfacial tension between CO2, fresh-water, 


and brine in the range of pressures (2 to 27) MPa, temperature (20 to 125) C, and water 


salinity from (0 to 334 000) mgl-1, J. Chem. Eng. Data, 54, 765-775.   


• (Bachu, 2013): S. Bachu, “Drainage and imbibition CO2/brine relative permeability curves 


at in situ conditions for sandstone formations in western Canada”, GHGT-11, Energy 


Procedia, 37 (2013), 4428 – 4436. 


• (Baker 1979): Stratigraphic and Hydrogeologic Framework of Part of the Coastal Plain of 
Texas, Baker, E.T., 1979. 


• (Batzle, 1992): M. Batzle and Z. Wang, “Seismic properties of pore fluids”, Geophysics, 


57, 1396 – 1408, (1992). 


• (Bebout, 1982): Bebout, D.G., and Gutierrez, D.R., “Regional cross sections, Louisiana 


Gulf Coast, western part”, Louisiana Geological Survey Folio Series, no. 5, p. 1–11, 1982. 


• (Bebout, 1983): Bebout, D.G., and Gutierrez, D.R., “Regional cross sections, Louisiana 


Gulf Coast, eastern part”, Louisiana Geological Survey Folio Series, no. 6, p. 1–10, 1983. 


• (Bennion, 2008): D. B. Bennion and S. Bachu, “Drainage and imbibition relative 


permeability relationships for supercritical CO2/brine and H2S/brine systems in 


intergranular sandstones, carbonate, shale and anhydrite rocks”, SPE Res. Eval. & Eng., 


2008, 11, 487-496. 


• (Bennion, 2010): D. B. Bennion and S. Bachu, “Drainage and imbibition relative 


permeability curves at reservoir conditions for carbonate formations”, SPE paper 134028, 


SPE Annual Technical Conference and Exhibition, 19-22 September, Florence, Italy, 2010. 


• (Bethke, 1988): C.M. Bethke, W.J. Harrison, C. Upson and S.P. Altaner, “Supercomputer 


Analysis of Sedimentary Basins”, Science, Vol. 239, Washington D.C. 1988. 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 11 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


• (Bradley, 1992), H.B. Bradley (Editor in Chief), “Petroleum Engineering Handbook”, 


Society of Petroleum Engineers, 3rd printing, February 1992. 


• (Brooks, 1964): R.H. Brooks and A. T. Corey, “Hydraulic properties of porous media”, 


Colorado State University, Hydro Paper No.5, (1964). 


• (Carlson, 1981): F.M. Carlson, “Simulation of relative permeability hysteresis to the 


nonwetting phase”, SPE 10157-MS, Richardson, Texas, USA. 


• (Carter, 1960): R.D. Carter and G.W. Tracy, “An Improved Method for Calculating Water 


Influx”, Trans., AIME, 219, 415 – 417, 1960. 


• (Chalbaud, 2006): C. Chalbaud, M. Robin and P. Egerman, “Interfacial tension data and 


correlations of brine-CO2 systems under reservoir conditions”, SPE Annual Technical 


Conference and Exhibition, 2006, SPE paper 102918-MS.  


• (Chertov, 2014): M.A. Chertov and R. Suarez-Rivera, “Practical Laboratory Methods for 


Pore Volume Comprssibility Characterization in Different Rock Types”, presented at the 


48th US Rock Mechanics / Geomechanics Symposium, Minneaplois, MN, USA, 1 – 4 June 


2014, ARMA 14-7532.  


• (Chiquet, 2005): P. Chiquet and D. Broseta, “Capillary alteration of shale caprocks by 


carbon dioxide”, SPE special publication Mo. 94183, doi:10.2118/94183-MS.  


• (Chiquet, 2005): P. Chiquet, J. L. Daridon, D. Broseta and S. Thibeau, “CO2/water 


interfacial tension under temperature and pressure conditions for CO2 geologic storage”, 


Energy Conversion and Management, V.48, p. 736-744. 


• (Clark, 1988a): J.E. Clark, “Ground water flow in deep saline aquifers”, report E.I. du 


Pont de Nemours and Co., 1988. 


• (Clark, 1988b): D.A. Clark, “An experimental evaluation of containment properties for 


shales associated with deep-well hazardous waste injection zones”, Thesis University of 


Alabama, 1988. 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 12 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


• (CMG, 2021): www.cmgl.ca/gem 


• (Collins, 2020): Dan Collins, GeoStock, Houston, Texas, USA, private communication. 


• (Collins, 2021): Dan Collins, GeoStock, Houston, Texas, USA, private communication. 


• (Conger, 1986): R.M. Conger, “Upper Miocene Injection Reservoirs of the Geismar-St. 


Gabriel Industrial Area, Iberville and Ascension Parishes, Louisiana”, Journal of the 


Underground Injection Practices Council, Vol. 1, 1986. 


• (Core Laboratories, 1987a): Core Laboratories, “Special Core Analysis Study for E.I. 


duPont de Nemours & Company, Inc. Waste Disposal Tests”, File number SCAL-310-


87042, June 1987. 


• (Core Laboratories, 1987b): Core Laboratories, “Petrographic Study of Selected 


Sidewall Core Samples from a Beaumont Disposal Well for DuPont Chemicals, Inc.”, File 


number 287107, June 1987. 


• (Cossey, 1992): Cossey, P.J., and Jacobs, R.E., “Oligocene Hackberry Formation of 


southwest Louisiana—Sequence stratigraphy, sedimentology, and hydrocarbon potential”, 


American Association of Petroleum Geologists Bulletin, v. 76, no. 5, p. 589–606, 1992. 


• (Crowell, 1966): D. C. Crowell, G. W. Dean and A. G. Loomis, “Efficiency of gas 


displacement from a water-drive reservoir”, RI 6735, USBM (1966). 


• (Dake, 1978): L. P. Dake, “Fundamentals of Reservoir Engineering”, Elsevier, 


Amsterdam, 1978. 


• (Darcy, 1856): H. Darcy, “Les fontaines publiques de la ville de Dijon”, Paris, Dalmont. 


• (Dardaganian, 1957): S. G. Dardaganian, “The displacement of gas by oil in the presence 


of connate water”, M.Sc. thesis, Texas A&M University, College Station, Texas, USA. 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 13 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


• (Diamond, 2003): L.W. Diamond and N.N. Akinfiev, “Solubility of CO2 in water from -


1.5 to 100 oC and from 0.1 to 1000 MPa: evaluation of literature data and thermodynamic 


modelling”, Fluid Phase Equilibria, 208 (2003) 265-290. 


• (Dodge, 1981): Dodge, M.M., and Posey, J.S., “Structural cross sections, Tertiary 


Formations, Texas Gulf Coast”, University of Texas at Austin, Bureau of Economic 


Geology, 33 maps, 6 p, 1981. 


• (Doughty, 2007): C. Doughty, B. Freifeld and R. Trautz, “Site characterisation for CO2 


geologic storage and vice versa: the Frio brine pilot, Texas, USA as a case study”, LBNL, 


2007. 


• (Dudley, 2016): J.W. Dudley, M. Brignoli, B. R. Crawford and R.T. Ewy, “ISRM 


Suggested Method for Uniaxial-Strain Compressibility Testing for Reservoir 


Geomechanics”, Rock Mechanics and Rock Engineering, 49 (10) 4153 – 4178, 


http://doi.org/10.1007/s00603-016-1055-4. 


• (Duan, 2003): Z. Duan and R. Sun, “An improved model calculating CO2 solubility in 


pure water and aqueous NaCl solutions from 273 to 533 K and from 0 to 2000 bar”, 


Chemical Geology, 193 (3-4); 257. 


• (Dyes, 1954): A. B. Dyes, “Production of water-driven reservoirs below their bubble 


point”, Trans. AIME (1954), Vol. 201, 240 – 244. 


• (Engelder, 1997): T. Engelder and J.T. Leftwich Jr., “A pore-pressure limit in 


overpressured South Texas oil and gas fields”, in R.C. Surdam ed, Seals, traps and 


the petroleum system: AAPG Memoir 67, p255-267. 


• EPA Guidance Class VI – AOR: https://www.epa.gov/uic/class-vi-wells-used-


geologic-sequestration-co2. 


• (Eubanks, 1987): Eubanks, L.G., “North Sabine Lake Field—Complex deposition and 


reservoir morphology of lower Hackberry (Oligocene), southwest Louisiana”, American 


Association of Petroleum Geologists Bulletin, v. 71, no. 10, p. 1162–1170, 1987. 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 14 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


• (Frick, 1962): T.C. Frick (Editor in Chief), R.W. Taylor (Associate Editor), 


“Petroleum Production Handbook”, McGraw Hill Book Company, 1962. 


• (Fjaer, 2008): E. Fjaer, R.M. Holt, P. Horsrud, A.M. Raaen and R. Risnes, 


“Petroleum Related Rock Mechanics”, Elsevier, 2nd edition, 2008. 


• (Galloway, 1982): Galloway, W.E., Hobday, D.K., and Magar, K., “Frio Formation of 


Texas Gulf Coastal Plain—Depositional systems, structural framework, and 


hydrocarbon distribution”, American Association of Petroleum Geologists Bulletin, v. 


66, no. 6, p. 649–688. 1982. 


• (Galloway, 1991): Galloway, W.E., Bebout, D.G., Fisher, W.L., Dunlap, J.B., Jr., 


Cabrera-Castro, R., Lugo-Rivera, J.E., and Scott, T.M., “Cenozoic, in Salvador, A., ed., 


The Gulf of Mexico Basin”, Boulder, Colo., Geological Society of America, The 


Geology of North America, v. J, p. 245–324, 1991. 


• (Galloway, 1997): Galloway, W.E., “Catahoula Formation of the Texas coastal plain—


Depositional systems, composition, structural development, ground-water flow history, 


and uranium distribution”, University of Texas at Austin, Bureau of Economic Geology, 


Report of Investigations 87, 59 p, 1997. 


• (Galloway, 2000): Galloway, W.E., Ganey-Curry, P.E., Li, X., and Buffler, R.T., 


“Cenozoic depositional history of the Gulf of Mexico basin”, American Association of 


Petroleum Geologists Bulletin, v. 84, no. 11, p. 1743–1774, 2000. 


• (Garcia, 2001): J.E. Garcia, “Density of aqueous solutions of CO2”, report LBNL-


49023, Lawrence Berkeley National Laboratory, October 2001. 


• (Garrett, 1938): J.B. Garrett, “The Hackberry assemblage – An interesting 


foraminal fauna of post-Vicksburg age from deep wells in the Gulf Coast”; Journal 


of Paleontology, V.12, p 309 – 317 (1938). 


• (Geertsma, 1957): J. Geertsma, “The Effect of Fluid Pressure Decline on 


Volumetric Changes of Porous Rocks”, Trans., AIME (1957) 210, 331 – 340. 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 15 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


• (Gennes, 2004): P.-G. de Genes, F. Brochard-Wyart and D. Quere, “Capillarity and 


wetting phenomena: Drops, Bubles, Pearls, Waves”, Springer, New York, 2006. 


• (Ghanbari, 2006): S. Ghanbari, Y. Al-Zaabi, G. E. Pickup, E. Mackay, F. 


Gozalpour and A. C. Ford, “Simulation of CO2 storage in saline aquifers”, Trans. 


IChemE, Part A September 2006, Chemical Engineering Resaerch and Design, 84 


(A9), 764-775. 


• (Ghomian, 2008): Yousef Ghomian, Gary A. Pope and Kamy Sepehrnoori, 


“Reservoir simulation of CO2 sequestration pilot in Frio brine formation, USA Gulf 


Coast”, Energy 22 (2008) 1055-1067. 


• (Gill, 1982): A.E. Gill, “Atmosphere-ocean dynamics”, Academic Press, Mew York 


(1982). 


• (Goddard, 2005): D.A. Goddard, R.K. Zimmerman and C.M Meeks, “Remaining 


hydrocarbon potential in Oligocene reservoirs of mature fields West Baton Rouge 


Parish, Louisiana”, Gulf Coast Association of Geological Societies Transactions, 


v.55m p. 251 – 267, (2005). 


• (Gollakota, 2014): S. Gollakota and S McDonald, “Commercial-scale CCS project, 


Illinois – Construction Status and Operational Plans for Demonstration”, GHGT-


12, Energy Procedia 63 (2014) 5986 – 5993. 


• (Gundogan, 2011): O. Gundogan, “Geochemical modelling of CO2 storage”, PhD thesis, 


Heriot-Watt University, June 2011. 


• (Gutierrez, 2001): M. Gutierrez, R.W. Lewis and I. Masters, “Petroleum Reservoir 


Simulation Coupling Fluid Flow and Geomechanics”, SPE 72095, 2001. 


• (Hammes, 2007, a): Hammes, U., Loucks, R.G., Brown, L.F., Jr., Treviño, R.H., Montoya, 


P., and Remington, R.L., “Reservoir geology, structural architecture, and sequence 


stratigraphy of a growth-faulted subbasin—Oligocene Lower Frio Formation, Red Fish 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 16 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


Bay Area, South Texas Gulf Coast”, University of Texas at Austin, Bureau of Economic 


Geology, Report of Investigations 272, 28 p, 2007 


• (Hammes, 2007, b): Hammes, U., Zeng, H., Loucks, R., and Brown, F., Jr., “All fill, no 


spill—Slope-fan sand bodies in growth-faulted subbasins, Oligocene Frio Formation, 


South Texas Gulf Coast”, Gulf Coast Association of Geological Societies Transactions, v. 


57, p. 361–371, 2007 


• (Hanor, 2007): J.S. Hanor and J.C. McIntosh, “Diverse origins and timing of 


formation of basinal brines in the Gulf of Mexico sedimentary basin”, Geofluids 


(2007) 7, 227-237. 


• (Hernandez-Mendoza, 2008): Hernandez-Mendoza, J.J., Hentz, T.F., DeAngelo, 


M.V., Wawrzyniec, T.F., Sakurai, S., Talukdar, S.C., and Holtz, M.H., “Miocene 


chronostratigraphy, paleogeography, and play framework of the Burgos Basin, southern 


Gulf of Mexico”, American Association of Petroleum Geologists Bulletin, v. 92, no. 11, 


p. 1501–1535, 2008. 


• (Holmgren, 1951): C. R. Holmgren and R. A. Morse, “Effect of free gas saturation 


on oil recovery by water flooding”, Trans. AIME (1951), Vol. 192, 135 – 140 


• (Hosseini, 2019):  Seyyed Hosseini of the Bureau of Economic Geology at the 


University of Texas in Austin, Texas, USA, private communication. 


• (Hovorka et al, 2007): FRIO FINAL TECHNICAL REPORT (osti.gov) 


• (Hovorka, 2008): S. Hovorka et al,  www.osti.gov; “Frio final technical report – 


OSTI.gov”.  


• (Hovorka, 2018): Susan D. Hovorka, Peter Tutton, Ramón H. Treviño “Feasibility 


study of CO2 storage in saline formations in the region of the planned Lake Charles 


Methanol Plant”, Final Report, Gulf Coast Carbon Center, Bureau of Economic 


Geology, Jackson School of Geosciences, The University of Texas at Austin, July 


30, 2018.  







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 17 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


• (Hnedkovsky, 1996): L. Hnedkovsky, R. Wood and V. Majer, “Volumes of 


aqueous solutions of CH4, CO2, H2S and NH3 at temperatures from 298.15 K to 705 


K and pressures to 35 MPa”, Journal of Chemical Thermodynamics, Vol. 28, pp 


125-142, 1996. 


• (Iglauer, 2015): S. Iglauer, C. H. Pentland and A. Busch, “CO2 wettability of seal 


and reservoir rocks and the implications for carbon geo-sequestration: Water 


Resources Research, v. 51, p. 729 – 774.  


• (Jaeger and Cook, 1976): J.C. Jaeger and N.G.W. Cook, “Fundamentals of Rock 


Mechanics”, Chapman and Hall, London (1976). 


• (Jamieson, 1969): D.T. Jamieson, J.S. Tudhope, R. Morris and G. Cartwright, 


“Physical properties of sea-water solutions: heat capacity”, Desalination, 7 


(1969/70) 23-30. 


• (Jamieson, 1970): D.T. Jamieson, J.S. Tudhope, R. Morris and G. Cartwright, 


“Physical properties of sea-water solutions: thermal conductivity”, Desalination, 8 


(1970) 393-401. 


• (Jerauld, 1997): G. R. Jerauld, “General three-phase relative permeability model 


for Prudhoe Bay2, SPE Reservoir Eval. Eng., 12(4), 255 – 263. 


• (John, 1992): John, C.J., Jones, B.L., Pope, D.E., and Silva, M.E., “AN-1. Anahuac 


Sandstone—Louisiana Gulf Coast”, in Bebout, D.G., White, W.A., Garrett, C.M., Jr., 


and Hentz, T.F., eds., Atlas of major central and eastern Gulf Coast gas reservoirs: 


University of Texas at Austin, Bureau of Economic Geology, p. 25–27, 1992. 


• (Juanes, 2006): R. Juanes, E.J. Spiteri, F.M. Orr and M.J. Blunt, “Impact of relative 


permeabilities on geological CO2 storage”, Water Resources Research, Vol.42 


W12418, 2006. 


• (Jung, 2017): H. Jung, G. Singh, N. Espinoza and M. F. Wheeler, “An integrated 


case study of the Frio CO2 sequestration pilot test for safe and effective carbon 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 18 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


storage including compositional flow and geomechanics”, SPE Reservoir 


Simulation Conference, Montgomery, Texas, USA, 20-22 February 2017, SPE 


182710-MS. 


• (Kestin, 1978): J. Kestin, D.C. Thomas, Y. Abe, C.E. Grimes H. Sookiazian and 


W.A. Wakeham, “Effect of pressure on viscosity of aqueous NaCl solutions in the 


temperature range 20 – 150 oC “, Journal of Chemical and Engineering Data, 23, 


328 – 336, (1978). 


• (Kestin, 1981a): J. Kestin, H.E. Khalifa and R.J. Correia, “Tables of dynamic and 


kinematic viscosity of aqueous KCl solutions in the temperature range 25 – 150 oC 


and the pressure range 0.1 – 35 MPa”, Journal of Physical Chemistry Reference 


Data, 10, 57 – 70, (1981). 


• (Kestin, 1981b): J. Kestin, H.E. Khalifa and R.J. Correia, “Tables of dynamic and 


kinematic viscosity of aqueous NaCl solutions in the temperature range 25 – 150 oC 


and the pressure range 0.1 – 35 MPa”, Journal of Physical Chemistry Reference 


Data, 10, 71 - 87, (1981). 


• (Kestin, 1984): J. Kestin and J. R. Shankland, “Viscosity of aqueous NaCl solutions 


in the temperature range 25 – 200 oC and in the pressure range 0.1 – 30 MPa”, 


International Journal of Thermophysics, 5, 241 – 263 (1984). 


• (Kemp, 1989): N.P. Kemp, D.C. Thomas, G. Atkinson and B.L. Atkinson, “Density 


modelling for brines as a function of composition, temperature and pressure”, SPE 


production Engineering, 4, 394 – 400 (1989). 


• (Killough, 1976): J.E. Killough, “Reservoir simulation with history-dependent 


saturation functions”, Soc. Pet. Eng. J., 16(1), 37-48, 1976. 


• (Kharaka, 2006): Y.K.Kharaka, D.R.Cole, S.D. Hovorka, W.D. Gunter, K.G. 


Knauss and B.M. Freifield, “Gas-water-rock interactions in Frio formation 


following CO2 injection: Implications for the storage of greenhouse gases in 


sedimentary basins”, Geology, July 2006, v.34, no.7, 577-580. 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 19 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


• (Kharaka, 1988): K.A. Kharaka, W.D. Gunter, P.K.  Aggarwel. E.H. Perkins and 


J.D. DeBraal, “SOLMINEQ.88: A computer program for geochemical modelling of 


water-rock interactions”, U.S. Geological Survey Water Resources Investigations 


Report 88-4227, p.314-420. 


• (Krevor, 2012): S.C.M. Krevor, R. Pini, L. Zuo and S.M. Benson, “Relative 


permeability and trapping of CO2 and water in sandstone rocks at reservoir 


conditions”, Water Resources Research, Vol.48, W02532, 2012. 


• (Krutak, 1990): Krutak, P.R. and Beron, P., Jr., “Heterostegina Zone—A shallow 


Anahuac (late Oligocene–early Miocene) oil frontier in southern Louisiana and 


Mississippi”, Gulf Coast Association of Geological Societies Transactions, v. 40, p. 


397–409, 1990. 


• (Kumar, 2004): A. Kumar, “A simulation study of carbon dioxide sequestration in deep 


saline aquifers”, M.Sc. thesis, University of Texas at Austin, 2004. 


• (Kumar, 2005): A. Kumar, M. Noh, G.A. Pope, S. Bryant, K. Sepehrnoori and L.W. Lake, 


“Reservoir simulation of CO2 storage in deep saline aquifers”, SPE Journal, September 


2005, pp 336 – 348. 


• (Kyte, 1956):  J. R. Kyte, R. J. Stanclift, S. C. Stephan Jr. and L. A, Rapoport, “Mechanism 


of waterflooding in the presence of free gas”, Trans., AIME (1956), Vol. 207, 215 – 221. 


• (Land, 1964): C. S. Land, “The optimum gas saturation for maximum oil recovery from 


displacement by water”, SPE 2216, presented at the SPE-AIME 43rd Annual Fall Meeting, 


Denver, Colorado, USA, 29 September – 2 October, 1969. 


• (Lohrenz et al, 1964): J. Lohrenz, B. C. Bray and C. R. Clark, “Calculating viscosities of 


reservoir fluids from their compositions”, JPT, (October 1964), 1171. 


• (Loucks, 1984): Loucks, R.G., Dodge, M.M., and Galloway, W.E., “Regional controls on 


diagenesis and reservoir quality in Lower Tertiary sandstones along the Texas Gulf Coast”, 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 20 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


in Clastic diagenesis, Part 1—Concepts and principles: American Association of Petroleum 


Geologists Special Volume M 37, v. A059, p. 15–45, 1984. 


• (Loucks, 2005): Loucks, R.G., “Revisiting the importance of secondary dissolution pores 


in Tertiary sandstones along the Texas Gulf Coast”,  Gulf Coast Association of Geological 


Societies Transactions, v. 55, p. 447–455, 2005. 


• (Lu, 2017): J. Lu, D.L. Carr, R.H. Trevino, J-L. T. Rhatigan and R. Fifariz, “Evaluation of 


Lower Miocene Confining Units for CO2 Storage, Offshore Texas State Waters, Northern 


Guf of Mexico, USA”, in Geological CO2 Sequestration Atlas of Miocene Strata, Offshore 


Texas State Waters, Bureau of Economic Geology, 2017. 


• (Makowitz, 2006): Makowitz, A., Lander, R.H., and Milliken, K.L., “Diagenetic modeling 


to assess the relative timing of quartz cementation and brittle grain processes during 


compaction”, American Association of Petroleum Geologists Bulletin, v. 90, no. 6, p. 873–


885, 2006. 


• (Mathias, 2013): S. Mathias, J. Gluyas, G. Gonzalez S. Bryant and D. Wilson, “On relative 


permeability data uncertainty and CO2 injectivity estimation for brine aquifers”, Int. J. 


Greenhouse Gas Control 12, 200 – 212, January 2013.    


• (McCain, 1991): W.D. McCain Jr, “Reservoir fluid property correlations – state of the 


art”, SPE Reservoir Engineering, 6, 266 – 272 (1991).  


• (McCain, 2017): W.D. McCain, “The Properties of Petroleum Fluids”, Pennwell Books, 


3rd Edition, 2017. 


• (Meckel, 2010): T. Meckel, “Capillary seals for trapping carbon dioxide (CO2) in 


underground reservoirs, in Matroto-Valer M. M. editor, Developments and innovation in 


carbon dioxide (CO2) capture and storage technology: Woodhead publishing series in 


energy, V.2, p. 185-202.  


• (Meckel, 2017): T.A. Meckel, A.J. Nicholson and R.H. Trevino, “Capillary Aspects of 


Fault-Seal Capacity for CO2 Storage, Lower Miocene, Texas Gulf of Mexico”, in 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 21 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


Geological CO2 Sequestration Atlas of Miocene Strata, Offshore Texas State Waters, 


Bureau of Economic Geology, 2017. 


• (Müller, 2011): N. Müller, “Supercritical CO2-brine relative permeability experiments in 


reservoir rocks – Literature review and recommendations”, Transp. Por. Media, 2011, 


87(2), 367 – 383.  


• (Nagihara, 2010): S. Nagihara, “Characterisation of the sedimentary thermal regime along 


the Corsair growth-fault zone, Texas continental shelf, using corrected bottomhole 


temperatures”, AAPG Bulletin, v.94, p923-935. 


• (Nehring, 1991): Nehring, R., “Oil and gas resources”, in Salvador, A., ed., The Gulf of 


Mexico Basin: Boulder, Colo., Geological Society of America, The Geology of North 


America, v. J, p. 445–494, 1991. 


• (Nelson, 2009): P. H. Nelson, “Pore-throat sizes in sandstones, tight sandstones, and 


shales”, AAPG Bulletin, V.93, No.3 (March 2009), p.329-340. 


• (Nicholson, 2012): A.J. Nicholson, “Empirical analysis of fault seal capacity for CO2 


sequestration. Lower Miocene, Texas Gulf Coast”, University of Texas, Austin, MSc 


Thesis. 


• (Nicot, 2009): J-P Nicot, C.M. Oldenburg, S.L. Bryant and S.D. Hovorka, “Pressure 


perturbations from geologic carbon sequestration: Area-of-review boundaries and borehole 


leakage driving forces”, Energy Procedia, 1 (2009) 47-54. 


• (Nighswander, 1989): J.A. Nighswander, N. Kalogerakis and A. K. Mehrotra, 


“Solubilities of carbon dioxide in water and 1 wt.% sodium chloride solutions at pressures 


up to 10 MPa and temperatures from 80 to 200oC”, Journal of Chemical and Engineering 


Data, Vol.34, pp 355-360, 1989. 


• (NRG Associates, 2006): NRG Associates, Inc., “The significant oil and gas fields of the 


United States”, Database available from NRG Associates, Inc., P.O. Box 1655, Colorado 


Springs, CO 80901, 2006 [includes data current as of December 31, 2004]. 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 22 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


• (Nur, 1971): A. Nue and J.D. Bayerlee, “An exact effective stress law for elastic 


deformation of rock with fluids”, Jour. Geophys. Res. 76, 6414 – 6419, 1971. 


• (Oak, 1990): M. J. Oak, “Three phase relative permeability of water-wet Berea”, SPE 


20183-MS, SPE/DOE 20183, 1990, SPE Richardson, Texas, USA. 


• (O’Neil, 2013): M. J. O'Neil, (ed.). The Merck Index - An Encyclopedia of Chemicals, 


Drugs, and Biologicals. Cambridge, UK: Royal Society of Chemistry, 2013., p. 315. 


• (Ong, 2001): S. Ong, Z. Zheng and R. Chhhajlani, “Pressure-Dependent Pore Volume 


Compressibility – A Cost Effective Log-Based Approach”, presented at the SPE Asia 


Pacific Improved Oil Recovery Conference, Kuala-Lumpur, Malaysia, 8 – 9 October 1991, 


SPE 72116. 


• (Paine, 1968): Paine, W.R., “Stratigraphy and sedimentation of subsurface Hackberry 


wedge and associated beds of southwestern Louisiana”, American Association of 


Petroleum Geologists Bulletin, v. 52, no. 2, p. 322–342 (1968). 


• (Palliser, 1998a): C. Palliser and R. McKibbin, “A model for deep geothermal brines, I: 


T-P-X state-space description”, Transport in Porous Media, 33, 65 – 80 (1998). 


• (Palliser, 1998b): C. Palliser and R. McKibbin, “A model for deep geothermal brines, II: 


T-P-X state-space description”, Transport in Porous Media, 33, 129 - 154 (1998). 


• (Palliser, 1998c): C. Palliser and R. McKibbin, “A model for deep geothermal brines, III: 


T-P-X state-space description”, Transport in Porous Media, 33, 155 - 171 (1998). 


• (Parkinson, 1969): W. Parkinson and N.D. Nevers, “Partial molal volume of carbon 


dioxide in water solutions”, Industrial and Engineering Chemistry Fundamentals, Vol. 8, 


No.4, pp 709-713, 1969. 


• (Peng, Robinson, 1976): D.Y. Peng and D.B. Robinson, “A new two-constant equation of 


state”, Industrial and Engineering Chemistry: Fundamentals, 15 59-64, 1976. 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 23 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


• (Pentland, 2011): C. H. Pentland, R. El-Maghraby, S. Iglauer and M. J. Blunt, 


“Measurements of the capillary trapping of super-critical carbon dioxide in Berea 


sandstone”, Geophys. Res. Lett., 38, L06401 (2011) 


• (Perrin, 2010): J-C. Perrin and S. M. Benson, “An experimental study on the influence of 


sub-core scale heterogeneities on CO2 distribution in reservoir rocks”, Transp. Por. Media, 


2010; 82(1), 93 – 109. 


• (Petroleum Experts, 2020): Petroleum Experts Limited, Petex House, 10 Logie Mill, 


Edinburgh, EH7 4HG, United Kingdom; www.petex.com; email: edinburgh@petex.com. 


• (Phillips, 1981): S.L. Phillips, A. Igbenc, J.A. Fair, H. Ozbek and M. Tavana, “A technical 


databook for geothermal energy utilisation”, Lawrence Berkeley Laboratory Report 12810 


(1981). 


• (Porter, 1987): W.M. Porter and S.W. Newsom, “Shale Porosity and Permeability”, 1987, 


communicated by (Collins, 2020). 


• (Potter, 1971): R.W. Potter II and D.L. Brown, “The volumetric properties of sodium 


chloride solutions from 0 to 500 oC at pressures up to 2000 bars based on a regression of 


available data in literature”, US Geological Survey Bulletin, 1421-1, 1971.   


• (Press and Siever, 1985): F Press and R Siever, “Earth”, Freeman, 4’th edition, New York 


1985. 


• (Robertson, 1988): E. C. Robertson, “Thermal Properties of Rocks”, USGS Report 88-


441, 1988. 


• (Ramos, 1994): G. Ramos, K. Katahara, R. Keck and M. Batzle, “In-situ stress predictions 


and measurements in an unconsolidated sandstone formation, the Lower Frio, East Texas”, 


Rock Mechanics, Nelson and Laubach (eds), Balkema, Rotterdam, Netherlands 1994. 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 24 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


• (Rowe, 1970): A. N. Rowe and J.C.S. Chou, “Pressure-volume-temperature-concentration 


relation of aqueous NaCl solutions”, Journal of Chemical Engineering Data, 15, 61 – 66 


(2002). 


• (Rumpf, 1994): B. Rumpf, H. Nicolaisen, C. Ocal, and G. Maurer, “Solubility of carbon 


dioxide in aqueous solutions of sodium chloride: Experimental results and correlations”, 


Journal of Solution Chemistry, Vol.23, No.3, pp 431-438, 1994.   


• (Sakurai, 2005): S. Sakurai, A. Boyd, N. Muller and S. Hovorka, “Monitoring saturation 


changes for CO2 sequestration: petrophysical support of the Frio brine pilot experiment”, 


SPWLA 46’th Annual Logging Symposium, New Orleans, Louisiana, USA, 26-29 June 


2005. 


• (Scharlin, 1996): P. Scharlin, “Carbon dioxide in water and aqueous electrolyte solutions”, 


vol.62. Solubility data series. Oxford UK: Oxford University Press, International Union of 


Pure and Applied Chemistry; 1996. 


• (Schlumberger, 2021a): www.software.slb.com/products/petrel/petrel-geology-and-


modeling 


• (Schlumberger, 2021b): www.software.slb.com/products/eclipse 


• (Segall, 1996): P. Segall and S.D. Fitzgerald, “A note on induced stress in hydrocarbon 


and geothermal reservoirs”, Tectonophysics, 289 (1998) 117 – 128. 


• (Seni, 1997): S.J. Seni, T.F. Hentz, W.R. Kaiser, and E.G. Wermund, editors, “Atlas of 


northern Gulf of Mexico gas and oil reservoirs, Volume 1, Miocene and older reservoirs, 


Texas”, University of Texas, Austin, Bureau of Economic Geology, 1997. 


• (Shagiakhmetov (1982): R.A. Shagiakhmetov, and A.A. Tarzimanov, 1981, SPSTL 200 


KHPD 81, 1982. 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 25 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


• (Shi, 2011): J-Q. Shi, Z, Xue and S. Durucan, “Supercritical core flooding and imbibition 


in Tako sandstone – influence of sub-core scale heterogeneity”, Int. J. Greenhouse Gas 


Control, 2011, 5(1), 75 – 87. 


• (Simonson, 1994): J.M. Simonson, C.S. Oakes and R.J. Bodnar, “Densities of NaCl(aq) to 


the temperature 523 K at pressures to 40 MPa measured with a new vibrating-tube 


densitometer”, Journal of Chemical Thermodynamics, Vol.26, pp 345-359, 1994. 


•  (Spiteri, 2005): E. J. Spiteri, R. Juanes, M. J. Blunt and F. M. Orr Jr., “Relative 


permeability hysteresis: Trapping models and applications to geological sequestration”, 


SPE Annual Technical Conference and Exhibition, Dallas, Texas, USA, 2005 (SPE 


96448). 


• (Spiteri, 2006): E. J. Spiteri and R. Juanes, “Impact of relative permeability hysteresis on 


the numerical simulation of WAG injection”, J. Pet. Sci., 50(2), 115 – 139. 


• (Spiteri, 2008): E. J. Spiteri, R. Juanes, M. J. Blunt and F. M. Orr, “A new model of 


trapping and relative permeability hysteresis for all wettability characteristics”, SPE J. 


13(3), 277 – 288. 


• (Suekane, 2008): T. Suekane, T. Nobuso, S. Hirai and M. Kiyota, “Geological storage of 


carbon dioxide by residual gas and solubility trapping”, Int. J. Greenhouse Gas Control, 


2008, 2(1), 58 – 64. 


• (Sun, 2008): H. Sun, R. Feistel, M. Koch and A. Markoe, “New equations for density, 


entropy, heat capacity and potential temperature of a saline thermal fluid”, Deep-Sea 


Research p. 1304 – 1310. 


• (Swanson, 2013): S.M. Swanson, A.W. Karlsen, B.J. Valentine, “Geologic Assessment of 


Undiscovered Oil and Gas Resources – Oligocene Frio and Anahuac Formations, United 


States Gulf of Mexico Coastal Plain and State Waters”, U.S. Geological Survey, Open-File 


report 2013-1257, 2013. 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 26 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


• (Teeuw, 1971): D. Teeuw, “Prediction of Reservoir Compaction form Laboratory 


Compressibility Data”, SPEJ, (September 1971), 263 – 271.  


• (Teng, 1997): H. Teng, A. Yamasaki, M.K. Chun and H. Lee, “Solubility of liquid CO2 in 


water at temperatures from 278 K to 293 K and pressures from 6.44 MPa to 29.49 MPa 


and densities of the corresponding aqueous solutions”, Journal of Chemical and 


Engineering data, Vol.29, pp 1301-1310, 1997. 


• (Timmerman, 1982): E. H. Timmerman, “Practical Reservoir Engineering”, Penwell, 


Technology and Engineering, 1982. 


• (Timoshenko, 1970): S.P. Timoshenko and J.N. Goodier, “Theory of Elasticity”, 3’rd 


edition, McGraw-Hill International Editions, London, 1970. 


• (Tipsword, 1966): Tipsword, H.L., Setzer, F.M., and Smith, F.L., “Interpretation of 


depositional environment in Gulf Coast petroleum exploration from paleoecology and 


related stratigraphy”, Gulf Coast Association of Geological Societies Transactions, v. 16, 


p. 119–130, 1966. 


• (Vinsome, 1980): P. K. Vinsome and J. Westerveld, “A simple method of predicting cap 


and base rock heat losses in thermal recovery simulators”, J. Can, Pet. Tech, 1980. 


• (Wagner, 2002): W. Wagner and A. Pruβ, “The IAPWS Formulation 1995 for the 


thermodynamic properties of ordinary water substance for general and scientific use”, J. 


Phys. Chem. Ref. Data, Vol.31, No.2, pp 387-535, 2002. 


• (Wallace, 2017): K.J. Wallace, C.H. Rhatigan, R.H. Trevino and T.A. Meckel, “Estimating 


CO2 storage in a saline aquifer using 3D flow models, Lower Miocene, Texas Gulf of 


Mexico”, in Geological CO2 Sequestration Atlas of Miocene Strata, Offshore Texas State 


Waters, Bureau of Economic Geology, 2017. 


• (Warner, 1986): D.L. Warner, T. Syed and S.N. Davis, “Confining Layer Study”, US EPA 


Region V, 1986. 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 27 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


• (Welge, 1952): H.J. Welge, “A simplified method for computing oil recovery by gas or 


water drive”, Trans AIME, 195, 91-98 (1952). 


• (Wesson, 1987): R. L. Wesson and C. Nicholson, “Zero Cohesion Mohr-Coulomb failure 


criterion”, method by E.I. du Pont de Nemours & Co. (1987). 


• (Williamson, 1959): J.D.M. Williamson, “Gulf Coast Cenozoic History”, Trans. Gulf 


Coast Assoc. Geol. Soc. 9, 15 (1959). 


• (Xu, 2004): T. Xu, J.A. Apps and K.Preuss, “Numwerical simulation of CO2 disposal by 


mineral trapping in deep aquifers”, Applied Geochemistry, 19 (6); 917. 


• (Yale, 1993): D.P. Yale, G.W. Nabor and J.A. Russell, “Application of variable formation 


compressibility for improved reservoir analysis”, presented at the 58th Annual Technical 


Conference and Exhibition of the Society of Petroleum Engineers, Houston, Texas, USA, 


3 – 6 October 1993, SPE 26647. 


• (Yang and Aplin, 2007): Y. Yang and A. Aplin, “Permeability and petrophysical 


properties of 30 natural mudstones”, J. Geophys. Res., 112, B03206, doi 


0.1029/2005JB004243. 


• (Zarembo, 1975): V.I. Zarembo and M.K. Fedorov, “Density of sodium chloride solutions 


in the temperature range 25 – 350 oC at pressures up to 100kg/cm2”, Journal of Applied 


Chemistry USSR, 48, 2021 – 2024, 1975. 


• (Zaytsev, 1992): I.D. Zaytsev and G.G. Aseyev, “Properties of aqueous solutions of 


electrolytes”, CRC Press, 1992. 


• (Zeidouni, 2009): M. Zeidouni, M. Pooladi-Darvish and D. Keith, “Sensitivity analysis of 


salt precipitation and CO2-brine displacement in saline aquifers”, 2009 SPE International 


Conference on CO2 Capture, Storage and Utilisation, San Diego, California, USA, 2-4 


November 2009, SPE 126690. 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 28 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


• (Zimmerman, 1990): R.W. Zimmerman, “Compressibility of sandstones”, Developments


in Petroleum Science 29”, Elsevier, 1990


• (Zheng, 2019): X. Zheng, Z. Sun and D. N. Espinoza, “Uniaxial strain unloading


compressibility of Frio sand: Measures and implications of reservoir pressure management


for CO2 storage”, 53rd US Rock Mechanics/Geomechanics Symposium, New York, NY,


USA, 23-26 June 2019.


• (Zobeck, 1980): M.L. Zobeck and M. Zobeck, “State of stress in conterminous United


States”, Journal of Geophysical Research, v.85, p6113-6156.


• (Zuo, 2012): L. Zuo, S. Krevor, R. W. Falta and S. M. Benson, “An experimental study of


CO2 exsolution and relative permeability measurements during CO2 depressurisation”,


Transp. Por. Media, 2012, 91, 459 – 478.












Area of Review and Corrective Action Plan for Project Minerva 
Permit Number: Page 1 of 2 
CONFIDENTIAL BUSINESS INFORMATION 


The material in this document is duplicative of the contents of AoR Section 4.0, beginning at page
92.  Please refer to the redacted version of the complete AoR provided via the ShareFile for tailored
CBI claims.


(b) (4)







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number: Page 2 of 2 
CONFIDENTIAL BUSINESS INFORMATION 











































Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 10 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


• (Bachu, 2008): S. Bachu and B. Bennion, “Effects of in-situ conditions on relative 


permeability characteristics of CO2-brine systems”, Environ. Geol., 54, 1707-1722. 


• (Bachu, 2009): S. Bachu and B. Bennion, “Interfacial tension between CO2, fresh-water, 


and brine in the range of pressures (2 to 27) MPa, temperature (20 to 125) C, and water 


salinity from (0 to 334 000) mgl-1, J. Chem. Eng. Data, 54, 765-775.   


• (Bachu, 2013): S. Bachu, “Drainage and imbibition CO2/brine relative permeability curves 


at in situ conditions for sandstone formations in western Canada”, GHGT-11, Energy 


Procedia, 37 (2013), 4428 – 4436. 


• (Baker 1979): Stratigraphic and Hydrogeologic Framework of Part of the Coastal Plain of 
Texas, Baker, E.T., 1979. 


• (Batzle, 1992): M. Batzle and Z. Wang, “Seismic properties of pore fluids”, Geophysics, 


57, 1396 – 1408, (1992). 


• (Bebout, 1982): Bebout, D.G., and Gutierrez, D.R., “Regional cross sections, Louisiana 


Gulf Coast, western part”, Louisiana Geological Survey Folio Series, no. 5, p. 1–11, 1982. 


• (Bebout, 1983): Bebout, D.G., and Gutierrez, D.R., “Regional cross sections, Louisiana 


Gulf Coast, eastern part”, Louisiana Geological Survey Folio Series, no. 6, p. 1–10, 1983. 


• (Bennion, 2008): D. B. Bennion and S. Bachu, “Drainage and imbibition relative 


permeability relationships for supercritical CO2/brine and H2S/brine systems in 


intergranular sandstones, carbonate, shale and anhydrite rocks”, SPE Res. Eval. & Eng., 


2008, 11, 487-496. 


• (Bennion, 2010): D. B. Bennion and S. Bachu, “Drainage and imbibition relative 


permeability curves at reservoir conditions for carbonate formations”, SPE paper 134028, 


SPE Annual Technical Conference and Exhibition, 19-22 September, Florence, Italy, 2010. 


• (Bethke, 1988): C.M. Bethke, W.J. Harrison, C. Upson and S.P. Altaner, “Supercomputer 


Analysis of Sedimentary Basins”, Science, Vol. 239, Washington D.C. 1988. 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 11 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


• (Bradley, 1992), H.B. Bradley (Editor in Chief), “Petroleum Engineering Handbook”, 


Society of Petroleum Engineers, 3rd printing, February 1992. 


• (Brooks, 1964): R.H. Brooks and A. T. Corey, “Hydraulic properties of porous media”, 


Colorado State University, Hydro Paper No.5, (1964). 


• (Carlson, 1981): F.M. Carlson, “Simulation of relative permeability hysteresis to the 


nonwetting phase”, SPE 10157-MS, Richardson, Texas, USA. 


• (Carter, 1960): R.D. Carter and G.W. Tracy, “An Improved Method for Calculating Water 


Influx”, Trans., AIME, 219, 415 – 417, 1960. 


• (Chalbaud, 2006): C. Chalbaud, M. Robin and P. Egerman, “Interfacial tension data and 


correlations of brine-CO2 systems under reservoir conditions”, SPE Annual Technical 


Conference and Exhibition, 2006, SPE paper 102918-MS.  


• (Chertov, 2014): M.A. Chertov and R. Suarez-Rivera, “Practical Laboratory Methods for 


Pore Volume Comprssibility Characterization in Different Rock Types”, presented at the 


48th US Rock Mechanics / Geomechanics Symposium, Minneaplois, MN, USA, 1 – 4 June 


2014, ARMA 14-7532.  


• (Chiquet, 2005): P. Chiquet and D. Broseta, “Capillary alteration of shale caprocks by 


carbon dioxide”, SPE special publication Mo. 94183, doi:10.2118/94183-MS.  


• (Chiquet, 2005): P. Chiquet, J. L. Daridon, D. Broseta and S. Thibeau, “CO2/water 


interfacial tension under temperature and pressure conditions for CO2 geologic storage”, 


Energy Conversion and Management, V.48, p. 736-744. 


• (Clark, 1988a): J.E. Clark, “Ground water flow in deep saline aquifers”, report E.I. du 


Pont de Nemours and Co., 1988. 


• (Clark, 1988b): D.A. Clark, “An experimental evaluation of containment properties for 


shales associated with deep-well hazardous waste injection zones”, Thesis University of 


Alabama, 1988. 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 12 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


• (CMG, 2021): www.cmgl.ca/gem 


• (Collins, 2020): Dan Collins, GeoStock, Houston, Texas, USA, private communication. 


• (Collins, 2021): Dan Collins, GeoStock, Houston, Texas, USA, private communication. 


• (Conger, 1986): R.M. Conger, “Upper Miocene Injection Reservoirs of the Geismar-St. 


Gabriel Industrial Area, Iberville and Ascension Parishes, Louisiana”, Journal of the 


Underground Injection Practices Council, Vol. 1, 1986. 


• (Core Laboratories, 1987a): Core Laboratories, “Special Core Analysis Study for E.I. 


duPont de Nemours & Company, Inc. Waste Disposal Tests”, File number SCAL-310-


87042, June 1987. 


• (Core Laboratories, 1987b): Core Laboratories, “Petrographic Study of Selected 


Sidewall Core Samples from a Beaumont Disposal Well for DuPont Chemicals, Inc.”, File 


number 287107, June 1987. 


• (Cossey, 1992): Cossey, P.J., and Jacobs, R.E., “Oligocene Hackberry Formation of 


southwest Louisiana—Sequence stratigraphy, sedimentology, and hydrocarbon potential”, 


American Association of Petroleum Geologists Bulletin, v. 76, no. 5, p. 589–606, 1992. 


• (Crowell, 1966): D. C. Crowell, G. W. Dean and A. G. Loomis, “Efficiency of gas 


displacement from a water-drive reservoir”, RI 6735, USBM (1966). 


• (Dake, 1978): L. P. Dake, “Fundamentals of Reservoir Engineering”, Elsevier, 


Amsterdam, 1978. 


• (Darcy, 1856): H. Darcy, “Les fontaines publiques de la ville de Dijon”, Paris, Dalmont. 


• (Dardaganian, 1957): S. G. Dardaganian, “The displacement of gas by oil in the presence 


of connate water”, M.Sc. thesis, Texas A&M University, College Station, Texas, USA. 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 13 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


• (Diamond, 2003): L.W. Diamond and N.N. Akinfiev, “Solubility of CO2 in water from -


1.5 to 100 oC and from 0.1 to 1000 MPa: evaluation of literature data and thermodynamic 


modelling”, Fluid Phase Equilibria, 208 (2003) 265-290. 


• (Dodge, 1981): Dodge, M.M., and Posey, J.S., “Structural cross sections, Tertiary 


Formations, Texas Gulf Coast”, University of Texas at Austin, Bureau of Economic 


Geology, 33 maps, 6 p, 1981. 


• (Doughty, 2007): C. Doughty, B. Freifeld and R. Trautz, “Site characterisation for CO2 


geologic storage and vice versa: the Frio brine pilot, Texas, USA as a case study”, LBNL, 


2007. 


• (Dudley, 2016): J.W. Dudley, M. Brignoli, B. R. Crawford and R.T. Ewy, “ISRM 


Suggested Method for Uniaxial-Strain Compressibility Testing for Reservoir 


Geomechanics”, Rock Mechanics and Rock Engineering, 49 (10) 4153 – 4178, 


http://doi.org/10.1007/s00603-016-1055-4. 


• (Duan, 2003): Z. Duan and R. Sun, “An improved model calculating CO2 solubility in 


pure water and aqueous NaCl solutions from 273 to 533 K and from 0 to 2000 bar”, 


Chemical Geology, 193 (3-4); 257. 


• (Dyes, 1954): A. B. Dyes, “Production of water-driven reservoirs below their bubble 


point”, Trans. AIME (1954), Vol. 201, 240 – 244. 


• (Engelder, 1997): T. Engelder and J.T. Leftwich Jr., “A pore-pressure limit in 


overpressured South Texas oil and gas fields”, in R.C. Surdam ed, Seals, traps and 


the petroleum system: AAPG Memoir 67, p255-267. 


• EPA Guidance Class VI – AOR: https://www.epa.gov/uic/class-vi-wells-used-


geologic-sequestration-co2. 


• (Eubanks, 1987): Eubanks, L.G., “North Sabine Lake Field—Complex deposition and 


reservoir morphology of lower Hackberry (Oligocene), southwest Louisiana”, American 


Association of Petroleum Geologists Bulletin, v. 71, no. 10, p. 1162–1170, 1987. 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 14 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


• (Frick, 1962): T.C. Frick (Editor in Chief), R.W. Taylor (Associate Editor), 


“Petroleum Production Handbook”, McGraw Hill Book Company, 1962. 


• (Fjaer, 2008): E. Fjaer, R.M. Holt, P. Horsrud, A.M. Raaen and R. Risnes, 


“Petroleum Related Rock Mechanics”, Elsevier, 2nd edition, 2008. 


• (Galloway, 1982): Galloway, W.E., Hobday, D.K., and Magar, K., “Frio Formation of 


Texas Gulf Coastal Plain—Depositional systems, structural framework, and 


hydrocarbon distribution”, American Association of Petroleum Geologists Bulletin, v. 


66, no. 6, p. 649–688. 1982. 


• (Galloway, 1991): Galloway, W.E., Bebout, D.G., Fisher, W.L., Dunlap, J.B., Jr., 


Cabrera-Castro, R., Lugo-Rivera, J.E., and Scott, T.M., “Cenozoic, in Salvador, A., ed., 


The Gulf of Mexico Basin”, Boulder, Colo., Geological Society of America, The 


Geology of North America, v. J, p. 245–324, 1991. 


• (Galloway, 1997): Galloway, W.E., “Catahoula Formation of the Texas coastal plain—


Depositional systems, composition, structural development, ground-water flow history, 


and uranium distribution”, University of Texas at Austin, Bureau of Economic Geology, 


Report of Investigations 87, 59 p, 1997. 


• (Galloway, 2000): Galloway, W.E., Ganey-Curry, P.E., Li, X., and Buffler, R.T., 


“Cenozoic depositional history of the Gulf of Mexico basin”, American Association of 


Petroleum Geologists Bulletin, v. 84, no. 11, p. 1743–1774, 2000. 


• (Garcia, 2001): J.E. Garcia, “Density of aqueous solutions of CO2”, report LBNL-


49023, Lawrence Berkeley National Laboratory, October 2001. 


• (Garrett, 1938): J.B. Garrett, “The Hackberry assemblage – An interesting 


foraminal fauna of post-Vicksburg age from deep wells in the Gulf Coast”; Journal 


of Paleontology, V.12, p 309 – 317 (1938). 


• (Geertsma, 1957): J. Geertsma, “The Effect of Fluid Pressure Decline on 


Volumetric Changes of Porous Rocks”, Trans., AIME (1957) 210, 331 – 340. 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 15 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


• (Gennes, 2004): P.-G. de Genes, F. Brochard-Wyart and D. Quere, “Capillarity and 


wetting phenomena: Drops, Bubles, Pearls, Waves”, Springer, New York, 2006. 


• (Ghanbari, 2006): S. Ghanbari, Y. Al-Zaabi, G. E. Pickup, E. Mackay, F. 


Gozalpour and A. C. Ford, “Simulation of CO2 storage in saline aquifers”, Trans. 


IChemE, Part A September 2006, Chemical Engineering Resaerch and Design, 84 


(A9), 764-775. 


• (Ghomian, 2008): Yousef Ghomian, Gary A. Pope and Kamy Sepehrnoori, 


“Reservoir simulation of CO2 sequestration pilot in Frio brine formation, USA Gulf 


Coast”, Energy 22 (2008) 1055-1067. 


• (Gill, 1982): A.E. Gill, “Atmosphere-ocean dynamics”, Academic Press, Mew York 


(1982). 


• (Goddard, 2005): D.A. Goddard, R.K. Zimmerman and C.M Meeks, “Remaining 


hydrocarbon potential in Oligocene reservoirs of mature fields West Baton Rouge 


Parish, Louisiana”, Gulf Coast Association of Geological Societies Transactions, 


v.55m p. 251 – 267, (2005). 


• (Gollakota, 2014): S. Gollakota and S McDonald, “Commercial-scale CCS project, 


Illinois – Construction Status and Operational Plans for Demonstration”, GHGT-


12, Energy Procedia 63 (2014) 5986 – 5993. 


• (Gundogan, 2011): O. Gundogan, “Geochemical modelling of CO2 storage”, PhD thesis, 


Heriot-Watt University, June 2011. 


• (Gutierrez, 2001): M. Gutierrez, R.W. Lewis and I. Masters, “Petroleum Reservoir 


Simulation Coupling Fluid Flow and Geomechanics”, SPE 72095, 2001. 


• (Hammes, 2007, a): Hammes, U., Loucks, R.G., Brown, L.F., Jr., Treviño, R.H., Montoya, 


P., and Remington, R.L., “Reservoir geology, structural architecture, and sequence 


stratigraphy of a growth-faulted subbasin—Oligocene Lower Frio Formation, Red Fish 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 16 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


Bay Area, South Texas Gulf Coast”, University of Texas at Austin, Bureau of Economic 


Geology, Report of Investigations 272, 28 p, 2007 


• (Hammes, 2007, b): Hammes, U., Zeng, H., Loucks, R., and Brown, F., Jr., “All fill, no 


spill—Slope-fan sand bodies in growth-faulted subbasins, Oligocene Frio Formation, 


South Texas Gulf Coast”, Gulf Coast Association of Geological Societies Transactions, v. 


57, p. 361–371, 2007 


• (Hanor, 2007): J.S. Hanor and J.C. McIntosh, “Diverse origins and timing of 


formation of basinal brines in the Gulf of Mexico sedimentary basin”, Geofluids 


(2007) 7, 227-237. 


• (Hernandez-Mendoza, 2008): Hernandez-Mendoza, J.J., Hentz, T.F., DeAngelo, 


M.V., Wawrzyniec, T.F., Sakurai, S., Talukdar, S.C., and Holtz, M.H., “Miocene 


chronostratigraphy, paleogeography, and play framework of the Burgos Basin, southern 


Gulf of Mexico”, American Association of Petroleum Geologists Bulletin, v. 92, no. 11, 


p. 1501–1535, 2008. 


• (Holmgren, 1951): C. R. Holmgren and R. A. Morse, “Effect of free gas saturation 


on oil recovery by water flooding”, Trans. AIME (1951), Vol. 192, 135 – 140 


• (Hosseini, 2019):  Seyyed Hosseini of the Bureau of Economic Geology at the 


University of Texas in Austin, Texas, USA, private communication. 


• (Hovorka et al, 2007): FRIO FINAL TECHNICAL REPORT (osti.gov) 


• (Hovorka, 2008): S. Hovorka et al,  www.osti.gov; “Frio final technical report – 


OSTI.gov”.  


• (Hovorka, 2018): Susan D. Hovorka, Peter Tutton, Ramón H. Treviño “Feasibility 


study of CO2 storage in saline formations in the region of the planned Lake Charles 


Methanol Plant”, Final Report, Gulf Coast Carbon Center, Bureau of Economic 


Geology, Jackson School of Geosciences, The University of Texas at Austin, July 


30, 2018.  







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 17 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


• (Hnedkovsky, 1996): L. Hnedkovsky, R. Wood and V. Majer, “Volumes of 


aqueous solutions of CH4, CO2, H2S and NH3 at temperatures from 298.15 K to 705 


K and pressures to 35 MPa”, Journal of Chemical Thermodynamics, Vol. 28, pp 


125-142, 1996. 


• (Iglauer, 2015): S. Iglauer, C. H. Pentland and A. Busch, “CO2 wettability of seal 


and reservoir rocks and the implications for carbon geo-sequestration: Water 


Resources Research, v. 51, p. 729 – 774.  


• (Jaeger and Cook, 1976): J.C. Jaeger and N.G.W. Cook, “Fundamentals of Rock 


Mechanics”, Chapman and Hall, London (1976). 


• (Jamieson, 1969): D.T. Jamieson, J.S. Tudhope, R. Morris and G. Cartwright, 


“Physical properties of sea-water solutions: heat capacity”, Desalination, 7 


(1969/70) 23-30. 


• (Jamieson, 1970): D.T. Jamieson, J.S. Tudhope, R. Morris and G. Cartwright, 


“Physical properties of sea-water solutions: thermal conductivity”, Desalination, 8 


(1970) 393-401. 


• (Jerauld, 1997): G. R. Jerauld, “General three-phase relative permeability model 


for Prudhoe Bay2, SPE Reservoir Eval. Eng., 12(4), 255 – 263. 


• (John, 1992): John, C.J., Jones, B.L., Pope, D.E., and Silva, M.E., “AN-1. Anahuac 


Sandstone—Louisiana Gulf Coast”, in Bebout, D.G., White, W.A., Garrett, C.M., Jr., 


and Hentz, T.F., eds., Atlas of major central and eastern Gulf Coast gas reservoirs: 


University of Texas at Austin, Bureau of Economic Geology, p. 25–27, 1992. 


• (Juanes, 2006): R. Juanes, E.J. Spiteri, F.M. Orr and M.J. Blunt, “Impact of relative 


permeabilities on geological CO2 storage”, Water Resources Research, Vol.42 


W12418, 2006. 


• (Jung, 2017): H. Jung, G. Singh, N. Espinoza and M. F. Wheeler, “An integrated 


case study of the Frio CO2 sequestration pilot test for safe and effective carbon 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 18 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


storage including compositional flow and geomechanics”, SPE Reservoir 


Simulation Conference, Montgomery, Texas, USA, 20-22 February 2017, SPE 


182710-MS. 


• (Kestin, 1978): J. Kestin, D.C. Thomas, Y. Abe, C.E. Grimes H. Sookiazian and 


W.A. Wakeham, “Effect of pressure on viscosity of aqueous NaCl solutions in the 


temperature range 20 – 150 oC “, Journal of Chemical and Engineering Data, 23, 


328 – 336, (1978). 


• (Kestin, 1981a): J. Kestin, H.E. Khalifa and R.J. Correia, “Tables of dynamic and 


kinematic viscosity of aqueous KCl solutions in the temperature range 25 – 150 oC 


and the pressure range 0.1 – 35 MPa”, Journal of Physical Chemistry Reference 


Data, 10, 57 – 70, (1981). 


• (Kestin, 1981b): J. Kestin, H.E. Khalifa and R.J. Correia, “Tables of dynamic and 


kinematic viscosity of aqueous NaCl solutions in the temperature range 25 – 150 oC 


and the pressure range 0.1 – 35 MPa”, Journal of Physical Chemistry Reference 


Data, 10, 71 - 87, (1981). 


• (Kestin, 1984): J. Kestin and J. R. Shankland, “Viscosity of aqueous NaCl solutions 


in the temperature range 25 – 200 oC and in the pressure range 0.1 – 30 MPa”, 


International Journal of Thermophysics, 5, 241 – 263 (1984). 


• (Kemp, 1989): N.P. Kemp, D.C. Thomas, G. Atkinson and B.L. Atkinson, “Density 


modelling for brines as a function of composition, temperature and pressure”, SPE 


production Engineering, 4, 394 – 400 (1989). 


• (Killough, 1976): J.E. Killough, “Reservoir simulation with history-dependent 


saturation functions”, Soc. Pet. Eng. J., 16(1), 37-48, 1976. 


• (Kharaka, 2006): Y.K.Kharaka, D.R.Cole, S.D. Hovorka, W.D. Gunter, K.G. 


Knauss and B.M. Freifield, “Gas-water-rock interactions in Frio formation 


following CO2 injection: Implications for the storage of greenhouse gases in 


sedimentary basins”, Geology, July 2006, v.34, no.7, 577-580. 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 19 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


• (Kharaka, 1988): K.A. Kharaka, W.D. Gunter, P.K.  Aggarwel. E.H. Perkins and 


J.D. DeBraal, “SOLMINEQ.88: A computer program for geochemical modelling of 


water-rock interactions”, U.S. Geological Survey Water Resources Investigations 


Report 88-4227, p.314-420. 


• (Krevor, 2012): S.C.M. Krevor, R. Pini, L. Zuo and S.M. Benson, “Relative 


permeability and trapping of CO2 and water in sandstone rocks at reservoir 


conditions”, Water Resources Research, Vol.48, W02532, 2012. 


• (Krutak, 1990): Krutak, P.R. and Beron, P., Jr., “Heterostegina Zone—A shallow 


Anahuac (late Oligocene–early Miocene) oil frontier in southern Louisiana and 


Mississippi”, Gulf Coast Association of Geological Societies Transactions, v. 40, p. 


397–409, 1990. 


• (Kumar, 2004): A. Kumar, “A simulation study of carbon dioxide sequestration in deep 


saline aquifers”, M.Sc. thesis, University of Texas at Austin, 2004. 


• (Kumar, 2005): A. Kumar, M. Noh, G.A. Pope, S. Bryant, K. Sepehrnoori and L.W. Lake, 


“Reservoir simulation of CO2 storage in deep saline aquifers”, SPE Journal, September 


2005, pp 336 – 348. 


• (Kyte, 1956):  J. R. Kyte, R. J. Stanclift, S. C. Stephan Jr. and L. A, Rapoport, “Mechanism 


of waterflooding in the presence of free gas”, Trans., AIME (1956), Vol. 207, 215 – 221. 


• (Land, 1964): C. S. Land, “The optimum gas saturation for maximum oil recovery from 


displacement by water”, SPE 2216, presented at the SPE-AIME 43rd Annual Fall Meeting, 


Denver, Colorado, USA, 29 September – 2 October, 1969. 


• (Lohrenz et al, 1964): J. Lohrenz, B. C. Bray and C. R. Clark, “Calculating viscosities of 


reservoir fluids from their compositions”, JPT, (October 1964), 1171. 


• (Loucks, 1984): Loucks, R.G., Dodge, M.M., and Galloway, W.E., “Regional controls on 


diagenesis and reservoir quality in Lower Tertiary sandstones along the Texas Gulf Coast”, 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 20 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


in Clastic diagenesis, Part 1—Concepts and principles: American Association of Petroleum 


Geologists Special Volume M 37, v. A059, p. 15–45, 1984. 


• (Loucks, 2005): Loucks, R.G., “Revisiting the importance of secondary dissolution pores 


in Tertiary sandstones along the Texas Gulf Coast”,  Gulf Coast Association of Geological 


Societies Transactions, v. 55, p. 447–455, 2005. 


• (Lu, 2017): J. Lu, D.L. Carr, R.H. Trevino, J-L. T. Rhatigan and R. Fifariz, “Evaluation of 


Lower Miocene Confining Units for CO2 Storage, Offshore Texas State Waters, Northern 


Guf of Mexico, USA”, in Geological CO2 Sequestration Atlas of Miocene Strata, Offshore 


Texas State Waters, Bureau of Economic Geology, 2017. 


• (Makowitz, 2006): Makowitz, A., Lander, R.H., and Milliken, K.L., “Diagenetic modeling 


to assess the relative timing of quartz cementation and brittle grain processes during 


compaction”, American Association of Petroleum Geologists Bulletin, v. 90, no. 6, p. 873–


885, 2006. 


• (Mathias, 2013): S. Mathias, J. Gluyas, G. Gonzalez S. Bryant and D. Wilson, “On relative 


permeability data uncertainty and CO2 injectivity estimation for brine aquifers”, Int. J. 


Greenhouse Gas Control 12, 200 – 212, January 2013.    


• (McCain, 1991): W.D. McCain Jr, “Reservoir fluid property correlations – state of the 


art”, SPE Reservoir Engineering, 6, 266 – 272 (1991).  


• (McCain, 2017): W.D. McCain, “The Properties of Petroleum Fluids”, Pennwell Books, 


3rd Edition, 2017. 


• (Meckel, 2010): T. Meckel, “Capillary seals for trapping carbon dioxide (CO2) in 


underground reservoirs, in Matroto-Valer M. M. editor, Developments and innovation in 


carbon dioxide (CO2) capture and storage technology: Woodhead publishing series in 


energy, V.2, p. 185-202.  


• (Meckel, 2017): T.A. Meckel, A.J. Nicholson and R.H. Trevino, “Capillary Aspects of 


Fault-Seal Capacity for CO2 Storage, Lower Miocene, Texas Gulf of Mexico”, in 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 21 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


Geological CO2 Sequestration Atlas of Miocene Strata, Offshore Texas State Waters, 


Bureau of Economic Geology, 2017. 


• (Müller, 2011): N. Müller, “Supercritical CO2-brine relative permeability experiments in 


reservoir rocks – Literature review and recommendations”, Transp. Por. Media, 2011, 


87(2), 367 – 383.  


• (Nagihara, 2010): S. Nagihara, “Characterisation of the sedimentary thermal regime along 


the Corsair growth-fault zone, Texas continental shelf, using corrected bottomhole 


temperatures”, AAPG Bulletin, v.94, p923-935. 


• (Nehring, 1991): Nehring, R., “Oil and gas resources”, in Salvador, A., ed., The Gulf of 


Mexico Basin: Boulder, Colo., Geological Society of America, The Geology of North 


America, v. J, p. 445–494, 1991. 


• (Nelson, 2009): P. H. Nelson, “Pore-throat sizes in sandstones, tight sandstones, and 


shales”, AAPG Bulletin, V.93, No.3 (March 2009), p.329-340. 


• (Nicholson, 2012): A.J. Nicholson, “Empirical analysis of fault seal capacity for CO2 


sequestration. Lower Miocene, Texas Gulf Coast”, University of Texas, Austin, MSc 


Thesis. 


• (Nicot, 2009): J-P Nicot, C.M. Oldenburg, S.L. Bryant and S.D. Hovorka, “Pressure 


perturbations from geologic carbon sequestration: Area-of-review boundaries and borehole 


leakage driving forces”, Energy Procedia, 1 (2009) 47-54. 


• (Nighswander, 1989): J.A. Nighswander, N. Kalogerakis and A. K. Mehrotra, 


“Solubilities of carbon dioxide in water and 1 wt.% sodium chloride solutions at pressures 


up to 10 MPa and temperatures from 80 to 200oC”, Journal of Chemical and Engineering 


Data, Vol.34, pp 355-360, 1989. 


• (NRG Associates, 2006): NRG Associates, Inc., “The significant oil and gas fields of the 


United States”, Database available from NRG Associates, Inc., P.O. Box 1655, Colorado 


Springs, CO 80901, 2006 [includes data current as of December 31, 2004]. 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 22 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


• (Nur, 1971): A. Nue and J.D. Bayerlee, “An exact effective stress law for elastic 


deformation of rock with fluids”, Jour. Geophys. Res. 76, 6414 – 6419, 1971. 


• (Oak, 1990): M. J. Oak, “Three phase relative permeability of water-wet Berea”, SPE 


20183-MS, SPE/DOE 20183, 1990, SPE Richardson, Texas, USA. 


• (O’Neil, 2013): M. J. O'Neil, (ed.). The Merck Index - An Encyclopedia of Chemicals, 


Drugs, and Biologicals. Cambridge, UK: Royal Society of Chemistry, 2013., p. 315. 


• (Ong, 2001): S. Ong, Z. Zheng and R. Chhhajlani, “Pressure-Dependent Pore Volume 


Compressibility – A Cost Effective Log-Based Approach”, presented at the SPE Asia 


Pacific Improved Oil Recovery Conference, Kuala-Lumpur, Malaysia, 8 – 9 October 1991, 


SPE 72116. 


• (Paine, 1968): Paine, W.R., “Stratigraphy and sedimentation of subsurface Hackberry 


wedge and associated beds of southwestern Louisiana”, American Association of 


Petroleum Geologists Bulletin, v. 52, no. 2, p. 322–342 (1968). 


• (Palliser, 1998a): C. Palliser and R. McKibbin, “A model for deep geothermal brines, I: 


T-P-X state-space description”, Transport in Porous Media, 33, 65 – 80 (1998). 


• (Palliser, 1998b): C. Palliser and R. McKibbin, “A model for deep geothermal brines, II: 


T-P-X state-space description”, Transport in Porous Media, 33, 129 - 154 (1998). 


• (Palliser, 1998c): C. Palliser and R. McKibbin, “A model for deep geothermal brines, III: 


T-P-X state-space description”, Transport in Porous Media, 33, 155 - 171 (1998). 


• (Parkinson, 1969): W. Parkinson and N.D. Nevers, “Partial molal volume of carbon 


dioxide in water solutions”, Industrial and Engineering Chemistry Fundamentals, Vol. 8, 


No.4, pp 709-713, 1969. 


• (Peng, Robinson, 1976): D.Y. Peng and D.B. Robinson, “A new two-constant equation of 


state”, Industrial and Engineering Chemistry: Fundamentals, 15 59-64, 1976. 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 23 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


• (Pentland, 2011): C. H. Pentland, R. El-Maghraby, S. Iglauer and M. J. Blunt, 


“Measurements of the capillary trapping of super-critical carbon dioxide in Berea 


sandstone”, Geophys. Res. Lett., 38, L06401 (2011) 


• (Perrin, 2010): J-C. Perrin and S. M. Benson, “An experimental study on the influence of 


sub-core scale heterogeneities on CO2 distribution in reservoir rocks”, Transp. Por. Media, 


2010; 82(1), 93 – 109. 


• (Petroleum Experts, 2020): Petroleum Experts Limited, Petex House, 10 Logie Mill, 


Edinburgh, EH7 4HG, United Kingdom; www.petex.com; email: edinburgh@petex.com. 


• (Phillips, 1981): S.L. Phillips, A. Igbenc, J.A. Fair, H. Ozbek and M. Tavana, “A technical 


databook for geothermal energy utilisation”, Lawrence Berkeley Laboratory Report 12810 


(1981). 


• (Porter, 1987): W.M. Porter and S.W. Newsom, “Shale Porosity and Permeability”, 1987, 


communicated by (Collins, 2020). 


• (Potter, 1971): R.W. Potter II and D.L. Brown, “The volumetric properties of sodium 


chloride solutions from 0 to 500 oC at pressures up to 2000 bars based on a regression of 


available data in literature”, US Geological Survey Bulletin, 1421-1, 1971.   


• (Press and Siever, 1985): F Press and R Siever, “Earth”, Freeman, 4’th edition, New York 


1985. 


• (Robertson, 1988): E. C. Robertson, “Thermal Properties of Rocks”, USGS Report 88-


441, 1988. 


• (Ramos, 1994): G. Ramos, K. Katahara, R. Keck and M. Batzle, “In-situ stress predictions 


and measurements in an unconsolidated sandstone formation, the Lower Frio, East Texas”, 


Rock Mechanics, Nelson and Laubach (eds), Balkema, Rotterdam, Netherlands 1994. 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 24 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


• (Rowe, 1970): A. N. Rowe and J.C.S. Chou, “Pressure-volume-temperature-concentration 


relation of aqueous NaCl solutions”, Journal of Chemical Engineering Data, 15, 61 – 66 


(2002). 


• (Rumpf, 1994): B. Rumpf, H. Nicolaisen, C. Ocal, and G. Maurer, “Solubility of carbon 


dioxide in aqueous solutions of sodium chloride: Experimental results and correlations”, 


Journal of Solution Chemistry, Vol.23, No.3, pp 431-438, 1994.   


• (Sakurai, 2005): S. Sakurai, A. Boyd, N. Muller and S. Hovorka, “Monitoring saturation 


changes for CO2 sequestration: petrophysical support of the Frio brine pilot experiment”, 


SPWLA 46’th Annual Logging Symposium, New Orleans, Louisiana, USA, 26-29 June 


2005. 


• (Scharlin, 1996): P. Scharlin, “Carbon dioxide in water and aqueous electrolyte solutions”, 


vol.62. Solubility data series. Oxford UK: Oxford University Press, International Union of 


Pure and Applied Chemistry; 1996. 


• (Schlumberger, 2021a): www.software.slb.com/products/petrel/petrel-geology-and-


modeling 


• (Schlumberger, 2021b): www.software.slb.com/products/eclipse 


• (Segall, 1996): P. Segall and S.D. Fitzgerald, “A note on induced stress in hydrocarbon 


and geothermal reservoirs”, Tectonophysics, 289 (1998) 117 – 128. 


• (Seni, 1997): S.J. Seni, T.F. Hentz, W.R. Kaiser, and E.G. Wermund, editors, “Atlas of 


northern Gulf of Mexico gas and oil reservoirs, Volume 1, Miocene and older reservoirs, 


Texas”, University of Texas, Austin, Bureau of Economic Geology, 1997. 


• (Shagiakhmetov (1982): R.A. Shagiakhmetov, and A.A. Tarzimanov, 1981, SPSTL 200 


KHPD 81, 1982. 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 25 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


• (Shi, 2011): J-Q. Shi, Z, Xue and S. Durucan, “Supercritical core flooding and imbibition 


in Tako sandstone – influence of sub-core scale heterogeneity”, Int. J. Greenhouse Gas 


Control, 2011, 5(1), 75 – 87. 


• (Simonson, 1994): J.M. Simonson, C.S. Oakes and R.J. Bodnar, “Densities of NaCl(aq) to 


the temperature 523 K at pressures to 40 MPa measured with a new vibrating-tube 


densitometer”, Journal of Chemical Thermodynamics, Vol.26, pp 345-359, 1994. 


•  (Spiteri, 2005): E. J. Spiteri, R. Juanes, M. J. Blunt and F. M. Orr Jr., “Relative 


permeability hysteresis: Trapping models and applications to geological sequestration”, 


SPE Annual Technical Conference and Exhibition, Dallas, Texas, USA, 2005 (SPE 


96448). 


• (Spiteri, 2006): E. J. Spiteri and R. Juanes, “Impact of relative permeability hysteresis on 


the numerical simulation of WAG injection”, J. Pet. Sci., 50(2), 115 – 139. 


• (Spiteri, 2008): E. J. Spiteri, R. Juanes, M. J. Blunt and F. M. Orr, “A new model of 


trapping and relative permeability hysteresis for all wettability characteristics”, SPE J. 


13(3), 277 – 288. 


• (Suekane, 2008): T. Suekane, T. Nobuso, S. Hirai and M. Kiyota, “Geological storage of 


carbon dioxide by residual gas and solubility trapping”, Int. J. Greenhouse Gas Control, 


2008, 2(1), 58 – 64. 


• (Sun, 2008): H. Sun, R. Feistel, M. Koch and A. Markoe, “New equations for density, 


entropy, heat capacity and potential temperature of a saline thermal fluid”, Deep-Sea 


Research p. 1304 – 1310. 


• (Swanson, 2013): S.M. Swanson, A.W. Karlsen, B.J. Valentine, “Geologic Assessment of 


Undiscovered Oil and Gas Resources – Oligocene Frio and Anahuac Formations, United 


States Gulf of Mexico Coastal Plain and State Waters”, U.S. Geological Survey, Open-File 


report 2013-1257, 2013. 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 26 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


• (Teeuw, 1971): D. Teeuw, “Prediction of Reservoir Compaction form Laboratory 


Compressibility Data”, SPEJ, (September 1971), 263 – 271.  


• (Teng, 1997): H. Teng, A. Yamasaki, M.K. Chun and H. Lee, “Solubility of liquid CO2 in 


water at temperatures from 278 K to 293 K and pressures from 6.44 MPa to 29.49 MPa 


and densities of the corresponding aqueous solutions”, Journal of Chemical and 


Engineering data, Vol.29, pp 1301-1310, 1997. 


• (Timmerman, 1982): E. H. Timmerman, “Practical Reservoir Engineering”, Penwell, 


Technology and Engineering, 1982. 


• (Timoshenko, 1970): S.P. Timoshenko and J.N. Goodier, “Theory of Elasticity”, 3’rd 


edition, McGraw-Hill International Editions, London, 1970. 


• (Tipsword, 1966): Tipsword, H.L., Setzer, F.M., and Smith, F.L., “Interpretation of 


depositional environment in Gulf Coast petroleum exploration from paleoecology and 


related stratigraphy”, Gulf Coast Association of Geological Societies Transactions, v. 16, 


p. 119–130, 1966. 


• (Vinsome, 1980): P. K. Vinsome and J. Westerveld, “A simple method of predicting cap 


and base rock heat losses in thermal recovery simulators”, J. Can, Pet. Tech, 1980. 


• (Wagner, 2002): W. Wagner and A. Pruβ, “The IAPWS Formulation 1995 for the 


thermodynamic properties of ordinary water substance for general and scientific use”, J. 


Phys. Chem. Ref. Data, Vol.31, No.2, pp 387-535, 2002. 


• (Wallace, 2017): K.J. Wallace, C.H. Rhatigan, R.H. Trevino and T.A. Meckel, “Estimating 


CO2 storage in a saline aquifer using 3D flow models, Lower Miocene, Texas Gulf of 


Mexico”, in Geological CO2 Sequestration Atlas of Miocene Strata, Offshore Texas State 


Waters, Bureau of Economic Geology, 2017. 


• (Warner, 1986): D.L. Warner, T. Syed and S.N. Davis, “Confining Layer Study”, US EPA 


Region V, 1986. 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 27 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


• (Welge, 1952): H.J. Welge, “A simplified method for computing oil recovery by gas or 


water drive”, Trans AIME, 195, 91-98 (1952). 


• (Wesson, 1987): R. L. Wesson and C. Nicholson, “Zero Cohesion Mohr-Coulomb failure 


criterion”, method by E.I. du Pont de Nemours & Co. (1987). 


• (Williamson, 1959): J.D.M. Williamson, “Gulf Coast Cenozoic History”, Trans. Gulf 


Coast Assoc. Geol. Soc. 9, 15 (1959). 


• (Xu, 2004): T. Xu, J.A. Apps and K.Preuss, “Numwerical simulation of CO2 disposal by 


mineral trapping in deep aquifers”, Applied Geochemistry, 19 (6); 917. 


• (Yale, 1993): D.P. Yale, G.W. Nabor and J.A. Russell, “Application of variable formation 


compressibility for improved reservoir analysis”, presented at the 58th Annual Technical 


Conference and Exhibition of the Society of Petroleum Engineers, Houston, Texas, USA, 


3 – 6 October 1993, SPE 26647. 


• (Yang and Aplin, 2007): Y. Yang and A. Aplin, “Permeability and petrophysical 


properties of 30 natural mudstones”, J. Geophys. Res., 112, B03206, doi 


0.1029/2005JB004243. 


• (Zarembo, 1975): V.I. Zarembo and M.K. Fedorov, “Density of sodium chloride solutions 


in the temperature range 25 – 350 oC at pressures up to 100kg/cm2”, Journal of Applied 


Chemistry USSR, 48, 2021 – 2024, 1975. 


• (Zaytsev, 1992): I.D. Zaytsev and G.G. Aseyev, “Properties of aqueous solutions of 


electrolytes”, CRC Press, 1992. 


• (Zeidouni, 2009): M. Zeidouni, M. Pooladi-Darvish and D. Keith, “Sensitivity analysis of 


salt precipitation and CO2-brine displacement in saline aquifers”, 2009 SPE International 


Conference on CO2 Capture, Storage and Utilisation, San Diego, California, USA, 2-4 


November 2009, SPE 126690. 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 28 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


• (Zimmerman, 1990): R.W. Zimmerman, “Compressibility of sandstones”, Developments


in Petroleum Science 29”, Elsevier, 1990


• (Zheng, 2019): X. Zheng, Z. Sun and D. N. Espinoza, “Uniaxial strain unloading


compressibility of Frio sand: Measures and implications of reservoir pressure management


for CO2 storage”, 53rd US Rock Mechanics/Geomechanics Symposium, New York, NY,


USA, 23-26 June 2019.


• (Zobeck, 1980): M.L. Zobeck and M. Zobeck, “State of stress in conterminous United


States”, Journal of Geophysical Research, v.85, p6113-6156.


• (Zuo, 2012): L. Zuo, S. Krevor, R. W. Falta and S. M. Benson, “An experimental study of


CO2 exsolution and relative permeability measurements during CO2 depressurisation”,


Transp. Por. Media, 2012, 91, 459 – 478.












Area of Review and Corrective Action Plan for Project Minerva 
Permit Number: Page 1 of 2 
CONFIDENTIAL BUSINESS INFORMATION 


The material in this document is duplicative of the contents of AoR Section 4.0, beginning at page
92.  Please refer to the redacted version of the complete AoR provided via the ShareFile for tailored
CBI claims.


(b) (4)







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number: Page 2 of 2 
CONFIDENTIAL BUSINESS INFORMATION 











































Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 10 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


• (Bachu, 2008): S. Bachu and B. Bennion, “Effects of in-situ conditions on relative 


permeability characteristics of CO2-brine systems”, Environ. Geol., 54, 1707-1722. 


• (Bachu, 2009): S. Bachu and B. Bennion, “Interfacial tension between CO2, fresh-water, 


and brine in the range of pressures (2 to 27) MPa, temperature (20 to 125) C, and water 


salinity from (0 to 334 000) mgl-1, J. Chem. Eng. Data, 54, 765-775.   


• (Bachu, 2013): S. Bachu, “Drainage and imbibition CO2/brine relative permeability curves 


at in situ conditions for sandstone formations in western Canada”, GHGT-11, Energy 


Procedia, 37 (2013), 4428 – 4436. 


• (Baker 1979): Stratigraphic and Hydrogeologic Framework of Part of the Coastal Plain of 
Texas, Baker, E.T., 1979. 


• (Batzle, 1992): M. Batzle and Z. Wang, “Seismic properties of pore fluids”, Geophysics, 


57, 1396 – 1408, (1992). 


• (Bebout, 1982): Bebout, D.G., and Gutierrez, D.R., “Regional cross sections, Louisiana 


Gulf Coast, western part”, Louisiana Geological Survey Folio Series, no. 5, p. 1–11, 1982. 


• (Bebout, 1983): Bebout, D.G., and Gutierrez, D.R., “Regional cross sections, Louisiana 


Gulf Coast, eastern part”, Louisiana Geological Survey Folio Series, no. 6, p. 1–10, 1983. 


• (Bennion, 2008): D. B. Bennion and S. Bachu, “Drainage and imbibition relative 


permeability relationships for supercritical CO2/brine and H2S/brine systems in 


intergranular sandstones, carbonate, shale and anhydrite rocks”, SPE Res. Eval. & Eng., 


2008, 11, 487-496. 


• (Bennion, 2010): D. B. Bennion and S. Bachu, “Drainage and imbibition relative 


permeability curves at reservoir conditions for carbonate formations”, SPE paper 134028, 


SPE Annual Technical Conference and Exhibition, 19-22 September, Florence, Italy, 2010. 


• (Bethke, 1988): C.M. Bethke, W.J. Harrison, C. Upson and S.P. Altaner, “Supercomputer 


Analysis of Sedimentary Basins”, Science, Vol. 239, Washington D.C. 1988. 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 11 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


• (Bradley, 1992), H.B. Bradley (Editor in Chief), “Petroleum Engineering Handbook”, 


Society of Petroleum Engineers, 3rd printing, February 1992. 


• (Brooks, 1964): R.H. Brooks and A. T. Corey, “Hydraulic properties of porous media”, 


Colorado State University, Hydro Paper No.5, (1964). 


• (Carlson, 1981): F.M. Carlson, “Simulation of relative permeability hysteresis to the 


nonwetting phase”, SPE 10157-MS, Richardson, Texas, USA. 


• (Carter, 1960): R.D. Carter and G.W. Tracy, “An Improved Method for Calculating Water 


Influx”, Trans., AIME, 219, 415 – 417, 1960. 


• (Chalbaud, 2006): C. Chalbaud, M. Robin and P. Egerman, “Interfacial tension data and 


correlations of brine-CO2 systems under reservoir conditions”, SPE Annual Technical 


Conference and Exhibition, 2006, SPE paper 102918-MS.  


• (Chertov, 2014): M.A. Chertov and R. Suarez-Rivera, “Practical Laboratory Methods for 


Pore Volume Comprssibility Characterization in Different Rock Types”, presented at the 


48th US Rock Mechanics / Geomechanics Symposium, Minneaplois, MN, USA, 1 – 4 June 


2014, ARMA 14-7532.  


• (Chiquet, 2005): P. Chiquet and D. Broseta, “Capillary alteration of shale caprocks by 


carbon dioxide”, SPE special publication Mo. 94183, doi:10.2118/94183-MS.  


• (Chiquet, 2005): P. Chiquet, J. L. Daridon, D. Broseta and S. Thibeau, “CO2/water 


interfacial tension under temperature and pressure conditions for CO2 geologic storage”, 


Energy Conversion and Management, V.48, p. 736-744. 


• (Clark, 1988a): J.E. Clark, “Ground water flow in deep saline aquifers”, report E.I. du 


Pont de Nemours and Co., 1988. 


• (Clark, 1988b): D.A. Clark, “An experimental evaluation of containment properties for 


shales associated with deep-well hazardous waste injection zones”, Thesis University of 


Alabama, 1988. 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 12 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


• (CMG, 2021): www.cmgl.ca/gem 


• (Collins, 2020): Dan Collins, GeoStock, Houston, Texas, USA, private communication. 


• (Collins, 2021): Dan Collins, GeoStock, Houston, Texas, USA, private communication. 


• (Conger, 1986): R.M. Conger, “Upper Miocene Injection Reservoirs of the Geismar-St. 


Gabriel Industrial Area, Iberville and Ascension Parishes, Louisiana”, Journal of the 


Underground Injection Practices Council, Vol. 1, 1986. 


• (Core Laboratories, 1987a): Core Laboratories, “Special Core Analysis Study for E.I. 


duPont de Nemours & Company, Inc. Waste Disposal Tests”, File number SCAL-310-


87042, June 1987. 


• (Core Laboratories, 1987b): Core Laboratories, “Petrographic Study of Selected 


Sidewall Core Samples from a Beaumont Disposal Well for DuPont Chemicals, Inc.”, File 


number 287107, June 1987. 


• (Cossey, 1992): Cossey, P.J., and Jacobs, R.E., “Oligocene Hackberry Formation of 


southwest Louisiana—Sequence stratigraphy, sedimentology, and hydrocarbon potential”, 


American Association of Petroleum Geologists Bulletin, v. 76, no. 5, p. 589–606, 1992. 


• (Crowell, 1966): D. C. Crowell, G. W. Dean and A. G. Loomis, “Efficiency of gas 


displacement from a water-drive reservoir”, RI 6735, USBM (1966). 


• (Dake, 1978): L. P. Dake, “Fundamentals of Reservoir Engineering”, Elsevier, 


Amsterdam, 1978. 


• (Darcy, 1856): H. Darcy, “Les fontaines publiques de la ville de Dijon”, Paris, Dalmont. 


• (Dardaganian, 1957): S. G. Dardaganian, “The displacement of gas by oil in the presence 


of connate water”, M.Sc. thesis, Texas A&M University, College Station, Texas, USA. 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 13 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


• (Diamond, 2003): L.W. Diamond and N.N. Akinfiev, “Solubility of CO2 in water from -


1.5 to 100 oC and from 0.1 to 1000 MPa: evaluation of literature data and thermodynamic 


modelling”, Fluid Phase Equilibria, 208 (2003) 265-290. 


• (Dodge, 1981): Dodge, M.M., and Posey, J.S., “Structural cross sections, Tertiary 


Formations, Texas Gulf Coast”, University of Texas at Austin, Bureau of Economic 


Geology, 33 maps, 6 p, 1981. 


• (Doughty, 2007): C. Doughty, B. Freifeld and R. Trautz, “Site characterisation for CO2 


geologic storage and vice versa: the Frio brine pilot, Texas, USA as a case study”, LBNL, 


2007. 


• (Dudley, 2016): J.W. Dudley, M. Brignoli, B. R. Crawford and R.T. Ewy, “ISRM 


Suggested Method for Uniaxial-Strain Compressibility Testing for Reservoir 


Geomechanics”, Rock Mechanics and Rock Engineering, 49 (10) 4153 – 4178, 


http://doi.org/10.1007/s00603-016-1055-4. 


• (Duan, 2003): Z. Duan and R. Sun, “An improved model calculating CO2 solubility in 


pure water and aqueous NaCl solutions from 273 to 533 K and from 0 to 2000 bar”, 


Chemical Geology, 193 (3-4); 257. 


• (Dyes, 1954): A. B. Dyes, “Production of water-driven reservoirs below their bubble 


point”, Trans. AIME (1954), Vol. 201, 240 – 244. 


• (Engelder, 1997): T. Engelder and J.T. Leftwich Jr., “A pore-pressure limit in 


overpressured South Texas oil and gas fields”, in R.C. Surdam ed, Seals, traps and 


the petroleum system: AAPG Memoir 67, p255-267. 


• EPA Guidance Class VI – AOR: https://www.epa.gov/uic/class-vi-wells-used-


geologic-sequestration-co2. 


• (Eubanks, 1987): Eubanks, L.G., “North Sabine Lake Field—Complex deposition and 


reservoir morphology of lower Hackberry (Oligocene), southwest Louisiana”, American 


Association of Petroleum Geologists Bulletin, v. 71, no. 10, p. 1162–1170, 1987. 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 14 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


• (Frick, 1962): T.C. Frick (Editor in Chief), R.W. Taylor (Associate Editor), 


“Petroleum Production Handbook”, McGraw Hill Book Company, 1962. 


• (Fjaer, 2008): E. Fjaer, R.M. Holt, P. Horsrud, A.M. Raaen and R. Risnes, 


“Petroleum Related Rock Mechanics”, Elsevier, 2nd edition, 2008. 


• (Galloway, 1982): Galloway, W.E., Hobday, D.K., and Magar, K., “Frio Formation of 


Texas Gulf Coastal Plain—Depositional systems, structural framework, and 


hydrocarbon distribution”, American Association of Petroleum Geologists Bulletin, v. 


66, no. 6, p. 649–688. 1982. 


• (Galloway, 1991): Galloway, W.E., Bebout, D.G., Fisher, W.L., Dunlap, J.B., Jr., 


Cabrera-Castro, R., Lugo-Rivera, J.E., and Scott, T.M., “Cenozoic, in Salvador, A., ed., 


The Gulf of Mexico Basin”, Boulder, Colo., Geological Society of America, The 


Geology of North America, v. J, p. 245–324, 1991. 


• (Galloway, 1997): Galloway, W.E., “Catahoula Formation of the Texas coastal plain—


Depositional systems, composition, structural development, ground-water flow history, 


and uranium distribution”, University of Texas at Austin, Bureau of Economic Geology, 


Report of Investigations 87, 59 p, 1997. 


• (Galloway, 2000): Galloway, W.E., Ganey-Curry, P.E., Li, X., and Buffler, R.T., 


“Cenozoic depositional history of the Gulf of Mexico basin”, American Association of 


Petroleum Geologists Bulletin, v. 84, no. 11, p. 1743–1774, 2000. 


• (Garcia, 2001): J.E. Garcia, “Density of aqueous solutions of CO2”, report LBNL-


49023, Lawrence Berkeley National Laboratory, October 2001. 


• (Garrett, 1938): J.B. Garrett, “The Hackberry assemblage – An interesting 


foraminal fauna of post-Vicksburg age from deep wells in the Gulf Coast”; Journal 


of Paleontology, V.12, p 309 – 317 (1938). 


• (Geertsma, 1957): J. Geertsma, “The Effect of Fluid Pressure Decline on 


Volumetric Changes of Porous Rocks”, Trans., AIME (1957) 210, 331 – 340. 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 15 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


• (Gennes, 2004): P.-G. de Genes, F. Brochard-Wyart and D. Quere, “Capillarity and 


wetting phenomena: Drops, Bubles, Pearls, Waves”, Springer, New York, 2006. 


• (Ghanbari, 2006): S. Ghanbari, Y. Al-Zaabi, G. E. Pickup, E. Mackay, F. 


Gozalpour and A. C. Ford, “Simulation of CO2 storage in saline aquifers”, Trans. 


IChemE, Part A September 2006, Chemical Engineering Resaerch and Design, 84 


(A9), 764-775. 


• (Ghomian, 2008): Yousef Ghomian, Gary A. Pope and Kamy Sepehrnoori, 


“Reservoir simulation of CO2 sequestration pilot in Frio brine formation, USA Gulf 


Coast”, Energy 22 (2008) 1055-1067. 


• (Gill, 1982): A.E. Gill, “Atmosphere-ocean dynamics”, Academic Press, Mew York 


(1982). 


• (Goddard, 2005): D.A. Goddard, R.K. Zimmerman and C.M Meeks, “Remaining 


hydrocarbon potential in Oligocene reservoirs of mature fields West Baton Rouge 


Parish, Louisiana”, Gulf Coast Association of Geological Societies Transactions, 


v.55m p. 251 – 267, (2005). 


• (Gollakota, 2014): S. Gollakota and S McDonald, “Commercial-scale CCS project, 


Illinois – Construction Status and Operational Plans for Demonstration”, GHGT-


12, Energy Procedia 63 (2014) 5986 – 5993. 


• (Gundogan, 2011): O. Gundogan, “Geochemical modelling of CO2 storage”, PhD thesis, 


Heriot-Watt University, June 2011. 


• (Gutierrez, 2001): M. Gutierrez, R.W. Lewis and I. Masters, “Petroleum Reservoir 


Simulation Coupling Fluid Flow and Geomechanics”, SPE 72095, 2001. 


• (Hammes, 2007, a): Hammes, U., Loucks, R.G., Brown, L.F., Jr., Treviño, R.H., Montoya, 


P., and Remington, R.L., “Reservoir geology, structural architecture, and sequence 


stratigraphy of a growth-faulted subbasin—Oligocene Lower Frio Formation, Red Fish 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 16 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


Bay Area, South Texas Gulf Coast”, University of Texas at Austin, Bureau of Economic 


Geology, Report of Investigations 272, 28 p, 2007 


• (Hammes, 2007, b): Hammes, U., Zeng, H., Loucks, R., and Brown, F., Jr., “All fill, no 


spill—Slope-fan sand bodies in growth-faulted subbasins, Oligocene Frio Formation, 


South Texas Gulf Coast”, Gulf Coast Association of Geological Societies Transactions, v. 


57, p. 361–371, 2007 


• (Hanor, 2007): J.S. Hanor and J.C. McIntosh, “Diverse origins and timing of 


formation of basinal brines in the Gulf of Mexico sedimentary basin”, Geofluids 


(2007) 7, 227-237. 


• (Hernandez-Mendoza, 2008): Hernandez-Mendoza, J.J., Hentz, T.F., DeAngelo, 


M.V., Wawrzyniec, T.F., Sakurai, S., Talukdar, S.C., and Holtz, M.H., “Miocene 


chronostratigraphy, paleogeography, and play framework of the Burgos Basin, southern 


Gulf of Mexico”, American Association of Petroleum Geologists Bulletin, v. 92, no. 11, 


p. 1501–1535, 2008. 


• (Holmgren, 1951): C. R. Holmgren and R. A. Morse, “Effect of free gas saturation 


on oil recovery by water flooding”, Trans. AIME (1951), Vol. 192, 135 – 140 


• (Hosseini, 2019):  Seyyed Hosseini of the Bureau of Economic Geology at the 


University of Texas in Austin, Texas, USA, private communication. 


• (Hovorka et al, 2007): FRIO FINAL TECHNICAL REPORT (osti.gov) 


• (Hovorka, 2008): S. Hovorka et al,  www.osti.gov; “Frio final technical report – 


OSTI.gov”.  


• (Hovorka, 2018): Susan D. Hovorka, Peter Tutton, Ramón H. Treviño “Feasibility 


study of CO2 storage in saline formations in the region of the planned Lake Charles 


Methanol Plant”, Final Report, Gulf Coast Carbon Center, Bureau of Economic 


Geology, Jackson School of Geosciences, The University of Texas at Austin, July 


30, 2018.  







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 17 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


• (Hnedkovsky, 1996): L. Hnedkovsky, R. Wood and V. Majer, “Volumes of 


aqueous solutions of CH4, CO2, H2S and NH3 at temperatures from 298.15 K to 705 


K and pressures to 35 MPa”, Journal of Chemical Thermodynamics, Vol. 28, pp 


125-142, 1996. 


• (Iglauer, 2015): S. Iglauer, C. H. Pentland and A. Busch, “CO2 wettability of seal 


and reservoir rocks and the implications for carbon geo-sequestration: Water 


Resources Research, v. 51, p. 729 – 774.  


• (Jaeger and Cook, 1976): J.C. Jaeger and N.G.W. Cook, “Fundamentals of Rock 


Mechanics”, Chapman and Hall, London (1976). 


• (Jamieson, 1969): D.T. Jamieson, J.S. Tudhope, R. Morris and G. Cartwright, 


“Physical properties of sea-water solutions: heat capacity”, Desalination, 7 


(1969/70) 23-30. 


• (Jamieson, 1970): D.T. Jamieson, J.S. Tudhope, R. Morris and G. Cartwright, 


“Physical properties of sea-water solutions: thermal conductivity”, Desalination, 8 


(1970) 393-401. 


• (Jerauld, 1997): G. R. Jerauld, “General three-phase relative permeability model 


for Prudhoe Bay2, SPE Reservoir Eval. Eng., 12(4), 255 – 263. 


• (John, 1992): John, C.J., Jones, B.L., Pope, D.E., and Silva, M.E., “AN-1. Anahuac 


Sandstone—Louisiana Gulf Coast”, in Bebout, D.G., White, W.A., Garrett, C.M., Jr., 


and Hentz, T.F., eds., Atlas of major central and eastern Gulf Coast gas reservoirs: 


University of Texas at Austin, Bureau of Economic Geology, p. 25–27, 1992. 


• (Juanes, 2006): R. Juanes, E.J. Spiteri, F.M. Orr and M.J. Blunt, “Impact of relative 


permeabilities on geological CO2 storage”, Water Resources Research, Vol.42 


W12418, 2006. 


• (Jung, 2017): H. Jung, G. Singh, N. Espinoza and M. F. Wheeler, “An integrated 


case study of the Frio CO2 sequestration pilot test for safe and effective carbon 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 18 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


storage including compositional flow and geomechanics”, SPE Reservoir 


Simulation Conference, Montgomery, Texas, USA, 20-22 February 2017, SPE 


182710-MS. 


• (Kestin, 1978): J. Kestin, D.C. Thomas, Y. Abe, C.E. Grimes H. Sookiazian and 


W.A. Wakeham, “Effect of pressure on viscosity of aqueous NaCl solutions in the 


temperature range 20 – 150 oC “, Journal of Chemical and Engineering Data, 23, 


328 – 336, (1978). 


• (Kestin, 1981a): J. Kestin, H.E. Khalifa and R.J. Correia, “Tables of dynamic and 


kinematic viscosity of aqueous KCl solutions in the temperature range 25 – 150 oC 


and the pressure range 0.1 – 35 MPa”, Journal of Physical Chemistry Reference 


Data, 10, 57 – 70, (1981). 


• (Kestin, 1981b): J. Kestin, H.E. Khalifa and R.J. Correia, “Tables of dynamic and 


kinematic viscosity of aqueous NaCl solutions in the temperature range 25 – 150 oC 


and the pressure range 0.1 – 35 MPa”, Journal of Physical Chemistry Reference 


Data, 10, 71 - 87, (1981). 


• (Kestin, 1984): J. Kestin and J. R. Shankland, “Viscosity of aqueous NaCl solutions 


in the temperature range 25 – 200 oC and in the pressure range 0.1 – 30 MPa”, 


International Journal of Thermophysics, 5, 241 – 263 (1984). 


• (Kemp, 1989): N.P. Kemp, D.C. Thomas, G. Atkinson and B.L. Atkinson, “Density 


modelling for brines as a function of composition, temperature and pressure”, SPE 


production Engineering, 4, 394 – 400 (1989). 


• (Killough, 1976): J.E. Killough, “Reservoir simulation with history-dependent 


saturation functions”, Soc. Pet. Eng. J., 16(1), 37-48, 1976. 


• (Kharaka, 2006): Y.K.Kharaka, D.R.Cole, S.D. Hovorka, W.D. Gunter, K.G. 


Knauss and B.M. Freifield, “Gas-water-rock interactions in Frio formation 


following CO2 injection: Implications for the storage of greenhouse gases in 


sedimentary basins”, Geology, July 2006, v.34, no.7, 577-580. 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 19 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


• (Kharaka, 1988): K.A. Kharaka, W.D. Gunter, P.K.  Aggarwel. E.H. Perkins and 


J.D. DeBraal, “SOLMINEQ.88: A computer program for geochemical modelling of 


water-rock interactions”, U.S. Geological Survey Water Resources Investigations 


Report 88-4227, p.314-420. 


• (Krevor, 2012): S.C.M. Krevor, R. Pini, L. Zuo and S.M. Benson, “Relative 


permeability and trapping of CO2 and water in sandstone rocks at reservoir 


conditions”, Water Resources Research, Vol.48, W02532, 2012. 


• (Krutak, 1990): Krutak, P.R. and Beron, P., Jr., “Heterostegina Zone—A shallow 


Anahuac (late Oligocene–early Miocene) oil frontier in southern Louisiana and 


Mississippi”, Gulf Coast Association of Geological Societies Transactions, v. 40, p. 


397–409, 1990. 


• (Kumar, 2004): A. Kumar, “A simulation study of carbon dioxide sequestration in deep 


saline aquifers”, M.Sc. thesis, University of Texas at Austin, 2004. 


• (Kumar, 2005): A. Kumar, M. Noh, G.A. Pope, S. Bryant, K. Sepehrnoori and L.W. Lake, 


“Reservoir simulation of CO2 storage in deep saline aquifers”, SPE Journal, September 


2005, pp 336 – 348. 


• (Kyte, 1956):  J. R. Kyte, R. J. Stanclift, S. C. Stephan Jr. and L. A, Rapoport, “Mechanism 


of waterflooding in the presence of free gas”, Trans., AIME (1956), Vol. 207, 215 – 221. 


• (Land, 1964): C. S. Land, “The optimum gas saturation for maximum oil recovery from 


displacement by water”, SPE 2216, presented at the SPE-AIME 43rd Annual Fall Meeting, 


Denver, Colorado, USA, 29 September – 2 October, 1969. 


• (Lohrenz et al, 1964): J. Lohrenz, B. C. Bray and C. R. Clark, “Calculating viscosities of 


reservoir fluids from their compositions”, JPT, (October 1964), 1171. 


• (Loucks, 1984): Loucks, R.G., Dodge, M.M., and Galloway, W.E., “Regional controls on 


diagenesis and reservoir quality in Lower Tertiary sandstones along the Texas Gulf Coast”, 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 20 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


in Clastic diagenesis, Part 1—Concepts and principles: American Association of Petroleum 


Geologists Special Volume M 37, v. A059, p. 15–45, 1984. 


• (Loucks, 2005): Loucks, R.G., “Revisiting the importance of secondary dissolution pores 


in Tertiary sandstones along the Texas Gulf Coast”,  Gulf Coast Association of Geological 


Societies Transactions, v. 55, p. 447–455, 2005. 


• (Lu, 2017): J. Lu, D.L. Carr, R.H. Trevino, J-L. T. Rhatigan and R. Fifariz, “Evaluation of 


Lower Miocene Confining Units for CO2 Storage, Offshore Texas State Waters, Northern 


Guf of Mexico, USA”, in Geological CO2 Sequestration Atlas of Miocene Strata, Offshore 


Texas State Waters, Bureau of Economic Geology, 2017. 


• (Makowitz, 2006): Makowitz, A., Lander, R.H., and Milliken, K.L., “Diagenetic modeling 


to assess the relative timing of quartz cementation and brittle grain processes during 


compaction”, American Association of Petroleum Geologists Bulletin, v. 90, no. 6, p. 873–


885, 2006. 


• (Mathias, 2013): S. Mathias, J. Gluyas, G. Gonzalez S. Bryant and D. Wilson, “On relative 


permeability data uncertainty and CO2 injectivity estimation for brine aquifers”, Int. J. 


Greenhouse Gas Control 12, 200 – 212, January 2013.    


• (McCain, 1991): W.D. McCain Jr, “Reservoir fluid property correlations – state of the 


art”, SPE Reservoir Engineering, 6, 266 – 272 (1991).  


• (McCain, 2017): W.D. McCain, “The Properties of Petroleum Fluids”, Pennwell Books, 


3rd Edition, 2017. 


• (Meckel, 2010): T. Meckel, “Capillary seals for trapping carbon dioxide (CO2) in 


underground reservoirs, in Matroto-Valer M. M. editor, Developments and innovation in 


carbon dioxide (CO2) capture and storage technology: Woodhead publishing series in 


energy, V.2, p. 185-202.  


• (Meckel, 2017): T.A. Meckel, A.J. Nicholson and R.H. Trevino, “Capillary Aspects of 


Fault-Seal Capacity for CO2 Storage, Lower Miocene, Texas Gulf of Mexico”, in 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 21 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


Geological CO2 Sequestration Atlas of Miocene Strata, Offshore Texas State Waters, 


Bureau of Economic Geology, 2017. 


• (Müller, 2011): N. Müller, “Supercritical CO2-brine relative permeability experiments in 


reservoir rocks – Literature review and recommendations”, Transp. Por. Media, 2011, 


87(2), 367 – 383.  


• (Nagihara, 2010): S. Nagihara, “Characterisation of the sedimentary thermal regime along 


the Corsair growth-fault zone, Texas continental shelf, using corrected bottomhole 


temperatures”, AAPG Bulletin, v.94, p923-935. 


• (Nehring, 1991): Nehring, R., “Oil and gas resources”, in Salvador, A., ed., The Gulf of 


Mexico Basin: Boulder, Colo., Geological Society of America, The Geology of North 


America, v. J, p. 445–494, 1991. 


• (Nelson, 2009): P. H. Nelson, “Pore-throat sizes in sandstones, tight sandstones, and 


shales”, AAPG Bulletin, V.93, No.3 (March 2009), p.329-340. 


• (Nicholson, 2012): A.J. Nicholson, “Empirical analysis of fault seal capacity for CO2 


sequestration. Lower Miocene, Texas Gulf Coast”, University of Texas, Austin, MSc 


Thesis. 


• (Nicot, 2009): J-P Nicot, C.M. Oldenburg, S.L. Bryant and S.D. Hovorka, “Pressure 


perturbations from geologic carbon sequestration: Area-of-review boundaries and borehole 


leakage driving forces”, Energy Procedia, 1 (2009) 47-54. 


• (Nighswander, 1989): J.A. Nighswander, N. Kalogerakis and A. K. Mehrotra, 


“Solubilities of carbon dioxide in water and 1 wt.% sodium chloride solutions at pressures 


up to 10 MPa and temperatures from 80 to 200oC”, Journal of Chemical and Engineering 


Data, Vol.34, pp 355-360, 1989. 


• (NRG Associates, 2006): NRG Associates, Inc., “The significant oil and gas fields of the 


United States”, Database available from NRG Associates, Inc., P.O. Box 1655, Colorado 


Springs, CO 80901, 2006 [includes data current as of December 31, 2004]. 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 22 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


• (Nur, 1971): A. Nue and J.D. Bayerlee, “An exact effective stress law for elastic 


deformation of rock with fluids”, Jour. Geophys. Res. 76, 6414 – 6419, 1971. 


• (Oak, 1990): M. J. Oak, “Three phase relative permeability of water-wet Berea”, SPE 


20183-MS, SPE/DOE 20183, 1990, SPE Richardson, Texas, USA. 


• (O’Neil, 2013): M. J. O'Neil, (ed.). The Merck Index - An Encyclopedia of Chemicals, 


Drugs, and Biologicals. Cambridge, UK: Royal Society of Chemistry, 2013., p. 315. 


• (Ong, 2001): S. Ong, Z. Zheng and R. Chhhajlani, “Pressure-Dependent Pore Volume 


Compressibility – A Cost Effective Log-Based Approach”, presented at the SPE Asia 


Pacific Improved Oil Recovery Conference, Kuala-Lumpur, Malaysia, 8 – 9 October 1991, 


SPE 72116. 


• (Paine, 1968): Paine, W.R., “Stratigraphy and sedimentation of subsurface Hackberry 


wedge and associated beds of southwestern Louisiana”, American Association of 


Petroleum Geologists Bulletin, v. 52, no. 2, p. 322–342 (1968). 


• (Palliser, 1998a): C. Palliser and R. McKibbin, “A model for deep geothermal brines, I: 


T-P-X state-space description”, Transport in Porous Media, 33, 65 – 80 (1998). 


• (Palliser, 1998b): C. Palliser and R. McKibbin, “A model for deep geothermal brines, II: 


T-P-X state-space description”, Transport in Porous Media, 33, 129 - 154 (1998). 


• (Palliser, 1998c): C. Palliser and R. McKibbin, “A model for deep geothermal brines, III: 


T-P-X state-space description”, Transport in Porous Media, 33, 155 - 171 (1998). 


• (Parkinson, 1969): W. Parkinson and N.D. Nevers, “Partial molal volume of carbon 


dioxide in water solutions”, Industrial and Engineering Chemistry Fundamentals, Vol. 8, 


No.4, pp 709-713, 1969. 


• (Peng, Robinson, 1976): D.Y. Peng and D.B. Robinson, “A new two-constant equation of 


state”, Industrial and Engineering Chemistry: Fundamentals, 15 59-64, 1976. 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 23 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


• (Pentland, 2011): C. H. Pentland, R. El-Maghraby, S. Iglauer and M. J. Blunt, 


“Measurements of the capillary trapping of super-critical carbon dioxide in Berea 


sandstone”, Geophys. Res. Lett., 38, L06401 (2011) 


• (Perrin, 2010): J-C. Perrin and S. M. Benson, “An experimental study on the influence of 


sub-core scale heterogeneities on CO2 distribution in reservoir rocks”, Transp. Por. Media, 


2010; 82(1), 93 – 109. 


• (Petroleum Experts, 2020): Petroleum Experts Limited, Petex House, 10 Logie Mill, 


Edinburgh, EH7 4HG, United Kingdom; www.petex.com; email: edinburgh@petex.com. 


• (Phillips, 1981): S.L. Phillips, A. Igbenc, J.A. Fair, H. Ozbek and M. Tavana, “A technical 


databook for geothermal energy utilisation”, Lawrence Berkeley Laboratory Report 12810 


(1981). 


• (Porter, 1987): W.M. Porter and S.W. Newsom, “Shale Porosity and Permeability”, 1987, 


communicated by (Collins, 2020). 


• (Potter, 1971): R.W. Potter II and D.L. Brown, “The volumetric properties of sodium 


chloride solutions from 0 to 500 oC at pressures up to 2000 bars based on a regression of 


available data in literature”, US Geological Survey Bulletin, 1421-1, 1971.   


• (Press and Siever, 1985): F Press and R Siever, “Earth”, Freeman, 4’th edition, New York 


1985. 


• (Robertson, 1988): E. C. Robertson, “Thermal Properties of Rocks”, USGS Report 88-


441, 1988. 


• (Ramos, 1994): G. Ramos, K. Katahara, R. Keck and M. Batzle, “In-situ stress predictions 


and measurements in an unconsolidated sandstone formation, the Lower Frio, East Texas”, 


Rock Mechanics, Nelson and Laubach (eds), Balkema, Rotterdam, Netherlands 1994. 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 24 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


• (Rowe, 1970): A. N. Rowe and J.C.S. Chou, “Pressure-volume-temperature-concentration 


relation of aqueous NaCl solutions”, Journal of Chemical Engineering Data, 15, 61 – 66 


(2002). 


• (Rumpf, 1994): B. Rumpf, H. Nicolaisen, C. Ocal, and G. Maurer, “Solubility of carbon 


dioxide in aqueous solutions of sodium chloride: Experimental results and correlations”, 


Journal of Solution Chemistry, Vol.23, No.3, pp 431-438, 1994.   


• (Sakurai, 2005): S. Sakurai, A. Boyd, N. Muller and S. Hovorka, “Monitoring saturation 


changes for CO2 sequestration: petrophysical support of the Frio brine pilot experiment”, 


SPWLA 46’th Annual Logging Symposium, New Orleans, Louisiana, USA, 26-29 June 


2005. 


• (Scharlin, 1996): P. Scharlin, “Carbon dioxide in water and aqueous electrolyte solutions”, 


vol.62. Solubility data series. Oxford UK: Oxford University Press, International Union of 


Pure and Applied Chemistry; 1996. 


• (Schlumberger, 2021a): www.software.slb.com/products/petrel/petrel-geology-and-


modeling 


• (Schlumberger, 2021b): www.software.slb.com/products/eclipse 


• (Segall, 1996): P. Segall and S.D. Fitzgerald, “A note on induced stress in hydrocarbon 


and geothermal reservoirs”, Tectonophysics, 289 (1998) 117 – 128. 


• (Seni, 1997): S.J. Seni, T.F. Hentz, W.R. Kaiser, and E.G. Wermund, editors, “Atlas of 


northern Gulf of Mexico gas and oil reservoirs, Volume 1, Miocene and older reservoirs, 


Texas”, University of Texas, Austin, Bureau of Economic Geology, 1997. 


• (Shagiakhmetov (1982): R.A. Shagiakhmetov, and A.A. Tarzimanov, 1981, SPSTL 200 


KHPD 81, 1982. 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 25 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


• (Shi, 2011): J-Q. Shi, Z, Xue and S. Durucan, “Supercritical core flooding and imbibition 


in Tako sandstone – influence of sub-core scale heterogeneity”, Int. J. Greenhouse Gas 


Control, 2011, 5(1), 75 – 87. 


• (Simonson, 1994): J.M. Simonson, C.S. Oakes and R.J. Bodnar, “Densities of NaCl(aq) to 


the temperature 523 K at pressures to 40 MPa measured with a new vibrating-tube 


densitometer”, Journal of Chemical Thermodynamics, Vol.26, pp 345-359, 1994. 


•  (Spiteri, 2005): E. J. Spiteri, R. Juanes, M. J. Blunt and F. M. Orr Jr., “Relative 


permeability hysteresis: Trapping models and applications to geological sequestration”, 


SPE Annual Technical Conference and Exhibition, Dallas, Texas, USA, 2005 (SPE 


96448). 


• (Spiteri, 2006): E. J. Spiteri and R. Juanes, “Impact of relative permeability hysteresis on 


the numerical simulation of WAG injection”, J. Pet. Sci., 50(2), 115 – 139. 


• (Spiteri, 2008): E. J. Spiteri, R. Juanes, M. J. Blunt and F. M. Orr, “A new model of 


trapping and relative permeability hysteresis for all wettability characteristics”, SPE J. 


13(3), 277 – 288. 


• (Suekane, 2008): T. Suekane, T. Nobuso, S. Hirai and M. Kiyota, “Geological storage of 


carbon dioxide by residual gas and solubility trapping”, Int. J. Greenhouse Gas Control, 


2008, 2(1), 58 – 64. 


• (Sun, 2008): H. Sun, R. Feistel, M. Koch and A. Markoe, “New equations for density, 


entropy, heat capacity and potential temperature of a saline thermal fluid”, Deep-Sea 


Research p. 1304 – 1310. 


• (Swanson, 2013): S.M. Swanson, A.W. Karlsen, B.J. Valentine, “Geologic Assessment of 


Undiscovered Oil and Gas Resources – Oligocene Frio and Anahuac Formations, United 


States Gulf of Mexico Coastal Plain and State Waters”, U.S. Geological Survey, Open-File 


report 2013-1257, 2013. 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 26 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


• (Teeuw, 1971): D. Teeuw, “Prediction of Reservoir Compaction form Laboratory 


Compressibility Data”, SPEJ, (September 1971), 263 – 271.  


• (Teng, 1997): H. Teng, A. Yamasaki, M.K. Chun and H. Lee, “Solubility of liquid CO2 in 


water at temperatures from 278 K to 293 K and pressures from 6.44 MPa to 29.49 MPa 


and densities of the corresponding aqueous solutions”, Journal of Chemical and 


Engineering data, Vol.29, pp 1301-1310, 1997. 


• (Timmerman, 1982): E. H. Timmerman, “Practical Reservoir Engineering”, Penwell, 


Technology and Engineering, 1982. 


• (Timoshenko, 1970): S.P. Timoshenko and J.N. Goodier, “Theory of Elasticity”, 3’rd 


edition, McGraw-Hill International Editions, London, 1970. 


• (Tipsword, 1966): Tipsword, H.L., Setzer, F.M., and Smith, F.L., “Interpretation of 


depositional environment in Gulf Coast petroleum exploration from paleoecology and 


related stratigraphy”, Gulf Coast Association of Geological Societies Transactions, v. 16, 


p. 119–130, 1966. 


• (Vinsome, 1980): P. K. Vinsome and J. Westerveld, “A simple method of predicting cap 


and base rock heat losses in thermal recovery simulators”, J. Can, Pet. Tech, 1980. 


• (Wagner, 2002): W. Wagner and A. Pruβ, “The IAPWS Formulation 1995 for the 


thermodynamic properties of ordinary water substance for general and scientific use”, J. 


Phys. Chem. Ref. Data, Vol.31, No.2, pp 387-535, 2002. 


• (Wallace, 2017): K.J. Wallace, C.H. Rhatigan, R.H. Trevino and T.A. Meckel, “Estimating 


CO2 storage in a saline aquifer using 3D flow models, Lower Miocene, Texas Gulf of 


Mexico”, in Geological CO2 Sequestration Atlas of Miocene Strata, Offshore Texas State 


Waters, Bureau of Economic Geology, 2017. 


• (Warner, 1986): D.L. Warner, T. Syed and S.N. Davis, “Confining Layer Study”, US EPA 


Region V, 1986. 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 27 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


• (Welge, 1952): H.J. Welge, “A simplified method for computing oil recovery by gas or 


water drive”, Trans AIME, 195, 91-98 (1952). 


• (Wesson, 1987): R. L. Wesson and C. Nicholson, “Zero Cohesion Mohr-Coulomb failure 


criterion”, method by E.I. du Pont de Nemours & Co. (1987). 


• (Williamson, 1959): J.D.M. Williamson, “Gulf Coast Cenozoic History”, Trans. Gulf 


Coast Assoc. Geol. Soc. 9, 15 (1959). 


• (Xu, 2004): T. Xu, J.A. Apps and K.Preuss, “Numwerical simulation of CO2 disposal by 


mineral trapping in deep aquifers”, Applied Geochemistry, 19 (6); 917. 


• (Yale, 1993): D.P. Yale, G.W. Nabor and J.A. Russell, “Application of variable formation 


compressibility for improved reservoir analysis”, presented at the 58th Annual Technical 


Conference and Exhibition of the Society of Petroleum Engineers, Houston, Texas, USA, 


3 – 6 October 1993, SPE 26647. 


• (Yang and Aplin, 2007): Y. Yang and A. Aplin, “Permeability and petrophysical 


properties of 30 natural mudstones”, J. Geophys. Res., 112, B03206, doi 


0.1029/2005JB004243. 


• (Zarembo, 1975): V.I. Zarembo and M.K. Fedorov, “Density of sodium chloride solutions 


in the temperature range 25 – 350 oC at pressures up to 100kg/cm2”, Journal of Applied 


Chemistry USSR, 48, 2021 – 2024, 1975. 


• (Zaytsev, 1992): I.D. Zaytsev and G.G. Aseyev, “Properties of aqueous solutions of 


electrolytes”, CRC Press, 1992. 


• (Zeidouni, 2009): M. Zeidouni, M. Pooladi-Darvish and D. Keith, “Sensitivity analysis of 


salt precipitation and CO2-brine displacement in saline aquifers”, 2009 SPE International 


Conference on CO2 Capture, Storage and Utilisation, San Diego, California, USA, 2-4 


November 2009, SPE 126690. 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number  Page 28 of 28 
CONFIDENTIAL BUSINESS INFORMATION 


• (Zimmerman, 1990): R.W. Zimmerman, “Compressibility of sandstones”, Developments


in Petroleum Science 29”, Elsevier, 1990


• (Zheng, 2019): X. Zheng, Z. Sun and D. N. Espinoza, “Uniaxial strain unloading


compressibility of Frio sand: Measures and implications of reservoir pressure management


for CO2 storage”, 53rd US Rock Mechanics/Geomechanics Symposium, New York, NY,


USA, 23-26 June 2019.


• (Zobeck, 1980): M.L. Zobeck and M. Zobeck, “State of stress in conterminous United


States”, Journal of Geophysical Research, v.85, p6113-6156.


• (Zuo, 2012): L. Zuo, S. Krevor, R. W. Falta and S. M. Benson, “An experimental study of


CO2 exsolution and relative permeability measurements during CO2 depressurisation”,


Transp. Por. Media, 2012, 91, 459 – 478.












Area of Review and Corrective Action Plan for Project Minerva 
Permit Number: Page 1 of 15 
CONFIDENTIAL BUSINESS INFORMATION 


The material in this document is duplicative of the contents of AoR Section 2.1.2, beginning at page 18. 
Please refer to the redacted version of the complete AoR provided via the ShareFile for tailored CBI 
claims. 


(b) (4)







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number: Page 2 of 15 
CONFIDENTIAL BUSINESS INFORMATION 


(b) (4)







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number: Page 3 of 15 
CONFIDENTIAL BUSINESS INFORMATION 


(b) (4)







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number: Page 4 of 15 
CONFIDENTIAL BUSINESS INFORMATION 
 
 


2.0 References 


• (Adams and Bachu, 2002): J. J. Adams and S. Bachu, “Equations of state for basin 
geofluids: algorithm review and intercomparison of brines”, Geofluids (2002), 2, 257 – 
271. 


• (Akbarabadi and Piri, 2013): M. Abarabadi and M. Piri, “Relative permeability 
hysteresis and capillary trapping characteristics of supercritical CO2/brine systems: An 
experimental study at reservoir conditions”, Adv. Wat. Res., 52, 190 – 206, February 2013. 


• (Al-Menhali et al., 2015): A. Al-Menhali, B. Niu and S Krevor, “Capillarity and wetting 
of carbon dioxide and brine during drainage in Berea sandstone at reservoir conditions”, 
Water Resources Research 51, 7895-7914, 2015, doi: 10.1002/2015SWR016947. 


• (Amyx et al, 1960): J.W. Amyx, D. M. Bass Jr., R. L. Whiting, “Petroleum Reservoir 
Engineering, McGraw-Hill, New York, 1960. 


• (Aziz and Settari, 1979): K. Aziz and A Settari, “Petroleum Reservoir Simulation”, 
Springer, Netherlands. 


• (Bachu and Bennion, 2008): S. Bachu and B. Bennion, “Effects of in-situ conditions on 
relative permeability characteristics of CO2-brine systems”, Environ. Geol., 54, 1707-
1722. 


• (Bachu and Bennion, 2009): S. Bachu and B. Bennion, “Interfacial tension between CO2, 
fresh-water, and brine in the range of pressures (2 to 27) MPa, temperature (20 to 125) C, 
and water salinity from (0 to 334 000) mgl-1, J. Chem. Eng. Data, 54, 765-775.   


• (Bachu, 2013): S. Bachu, “Drainage and imbibition CO2/brine relative permeability curves 
at in situ conditions for sandstone formations in western Canada”, GHGT-11, Energy 
Procedia, 37 (2013), 4428 – 4436. 


• (Baines and Worden, 2004): S Baines and R Worden, The long-term fate of CO2 in the 
subsurface: natural analogues for CO2 storage, 2004 Geological Society Volume 233 
P59-85 


• (Batzle and Wang, 1992): M. Batzle and Z. Wang, “Seismic properties of pore fluids”, 
Geophysics, 57, 1396 – 1408, (1992). 


• (Bennion and Bachu, 2008): D. B. Bennion and S. Bachu, “Drainage and imbibition 
relative permeability relationships for supercritical CO2/brine and H2S/brine systems in 
intergranular sandstones, carbonate, shale and anhydrite rocks”, SPE Res. Eval. & Eng., 
2008, 11, 487-496. 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number: Page 5 of 15 
CONFIDENTIAL BUSINESS INFORMATION 
 
 


• (Bennion and Bachu, 2010): D. B. Bennion and S. Bachu, “Drainage and imbibition 
relative permeability curves at reservoir conditions for carbonate formations”, SPE paper 
134028, SPE Annual Technical Conference and Exhibition, 19-22 September, Florence, 
Italy, 2010. 


• (Brooks and Corey, 1964): R.H. Brooks and A. T. Corey, “Hydraulic properties of porous 
media”, Colorado State University, Hydro Paper No.5, (1964). 


• (Carlson, 1981): F.M. Carlson, “Simulation of relative permeability hysteresis to the 
nonwetting phase”, SPE 10157-MS, Richardson, Texas, USA. 


• (Carter and Tracy, 1960): R.D. Carter and G.W. Tracy, “An Improved Method for 
Calculating Water Influx”, Trans., AIME, 219, 415 – 417, 1960. 


• (Chalbaud et al., 2006): C. Chalbaud, M. Robin and P. Egerman, “Interfacial tension data 
and correlations of brine-CO2 systems under reservoir conditions”, SPE Annual Technical 
Conference and Exhibition, 2006, SPE paper 102918-MS.  


• (Chertov and Suarez-Rivera, 2014): M.A. Chertov and R. Suarez-Rivera, “Practical 
Laboratory Methods for Pore Volume Compressibility Characterization in Different Rock 
Types”, presented at the 48th US Rock Mechanics / Geomechanics Symposium, 
Minneapolis, MN, USA, 1 – 4 June 2014, ARMA 14-7532.  


• (Chiquet and Broseta, 2005): P. Chiquet and D. Broseta, “Capillary alteration of shale 
caprocks by carbon dioxide”, SPE special publication Mo. 94183, doi:10.2118/94183-MS.  


• (Chiquet et al., 2006): P. Chiquet, J. L. Daridon, D. Broseta and S. Thibeau, “CO2/water 
interfacial tension under temperature and pressure conditions for CO2 geologic storage”, 
Energy Conversion and Management, V.48, pg. 736-744. 


• (CMG, 2021): www.cmgl.ca/gem 


• (Collins, 2021): Dan Collins, GeoStock, Houston, Texas, USA, private communication. 


• (Dake, 1978): L. P. Dake, “Fundamentals of Reservoir Engineering”, Elsevier, 
Amsterdam, 1978. 


• (Darcy, 1856): H. Darcy, “Les fontaines publiques de la ville de Dijon”, Paris, Dalmont. 


• (Deutsch, 2002): Geostatistical Reservoir Modelling. Chapter 4.5, p131 


• (Diamond and Akinfiev, 2003): L.W. Diamond and N.N. Akinfiev, “Solubility of CO2 in 
water from -1.5 to 100 oC and from 0.1 to 1000 MPa: evaluation of literature data and 
thermodynamic modelling”, Fluid Phase Equilibria, 208 (2003) 265-290. 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number: Page 6 of 15 
CONFIDENTIAL BUSINESS INFORMATION 
 
 


• (Doughty et al., 2007): C. Doughty, B. Freifeld and R. Trautz, “Site characterisation for 
CO2 geologic storage and vice versa: the Frio brine pilot, Texas, USA as a case study”, 
LBNL, 2007. 


• (Dudley et al., 2016): J.W. Dudley, M. Brignoli, B. R. Crawford and R.T. Ewy, “ISRM 
Suggested Method for Uniaxial-Strain Compressibility Testing for Reservoir 
Geomechanics”, Rock Mechanics and Rock Engineering, 49 (10) 4153 – 4178, 
http://doi.org/10.1007/s00603-016-1055-4. 


• (Engelder and Leftwich, 1997): T. Engelder and J.T. Leftwich Jr., “A pore-
pressure limit in overpressured South Texas oil and gas fields”, in R.C. Surdam ed, 
Seals, traps and the petroleum system: AAPG Memoir 67, p255-267. 


• EPA Guidance Class VI – AOR: https://www.epa.gov/uic/class-vi-wells-used-
geologic-sequestration-co2. 


• (Fjaer et al., 2008): E. Fjaer, R.M. Holt, P. Horsrud, A.M. Raaen and R. Risnes, 
“Petroleum Related Rock Mechanics”, Elsevier, 2nd edition, 2008. 


• (Flroozabadl, 1988): Flroozabadl, A, Nutakki, R, Wong, T W, and Aziz, K. EOS 
predictions of compressibility and phase behavior in systems containing water, 
hydrocarbons, and CO/sub 2/. United States: N. p., 1988 


• (Frick and Taylor, 1962): T.C. Frick (Editor in Chief), R.W. Taylor (Associate 
Editor), “Petroleum Production Handbook”, McGraw Hill Book Company, 1962. 


• (Garcia, 2001): J.E. Garcia, “Density of aqueous solutions of CO2”, report LBNL-
49023, Lawrence Berkeley National Laboratory, October 2001. 


• (Geertsma, 1957): J. Geertsma, “The Effect of Fluid Pressure Decline on 
Volumetric Changes of Porous Rocks”, Trans., AIME (1957) 210, 331 – 340. 


• (Gennes et al., 2004): P.-G. de Genes, F. Brochard-Wyart and D. Quere, 
“Capillarity and wetting phenomena: Drops, Bubles, Pearls, Waves”, Springer, New 
York, 2006. 


• (Ghanbari et al., 2006): S. Ghanbari, Y. Al-Zaabi, G. E. Pickup, E. Mackay, F. 
Gozalpour and A. C. Ford, “Simulation of CO2 storage in saline aquifers”, Trans. 
IChemE, Part A September 2006, Chemical Engineering Research and Design, 84 
(A9), 764-775. 


• (Ghomian et al., 2008): Yousef Ghomian, Gary A. Pope and Kamy Sepehrnoori, 
“Reservoir simulation of CO2 sequestration pilot in Frio brine formation, USA Gulf 
Coast”, Energy 22 (2008) 1055-1067. 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number: Page 7 of 15 
CONFIDENTIAL BUSINESS INFORMATION 
 
 


• (Gill, 1982): A.E. Gill, “Atmosphere-ocean dynamics”, Academic Press, Mew York 
(1982). 


• (Gollakota and McDonald, 2014): S. Gollakota and S McDonald, “Commercial-
scale CCS project, Illinois – Construction Status and Operational Plans for 
Demonstration”, GHGT-12, Energy Procedia 63 (2014) 5986 – 5993. 


• (Gundogan, 2011): O. Gundogan, “Geochemical modelling of CO2 storage”, PhD thesis, 
Heriot-Watt University, June 2011. 


• (Gutierrez et al., 2001): M. Gutierrez, R.W. Lewis and I. Masters, “Petroleum Reservoir 
Simulation Coupling Fluid Flow and Geomechanics”, SPE 72095, 2001. 


• (Hanor and McIntosh, 2007): J.S. Hanor and J.C. McIntosh, “Diverse origins and 
timing of formation of basinal brines in the Gulf of Mexico sedimentary basin”, 
Geofluids (2007) 7, 227-237. 


• (Hnedkovsky et al., 1996): L. Hnedkovsky, R. Wood and V. Majer, “Volumes of 
aqueous solutions of CH4, CO2, H2S and NH3 at temperatures from 298.15 K to 705 
K and pressures to 35 MPa”, Journal of Chemical Thermodynamics, Vol. 28, pp 
125-142, 1996. 


• (Hosseini, 2019):  Seyyed Hosseini of the Bureau of Economic Geology at the 
University of Texas in Austin, Texas, USA, private communication. 


• (Hovorka, 2006): Frio Brine Storage Experiment—Lessons Learned, 2006, Environ. 
Geoscience 13 (2), 105 S. Hovorka 


• (Hovorka et al, 2007): FRIO FINAL TECHNICAL REPORT (osti.gov) 


• (Hovorka et al., 2008): S. Hovorka et al,  www.osti.gov; “Frio final technical report 
– OSTI.gov”.  


• (Hovorka et al., 2018): Susan D. Hovorka, Peter Tutton, Ramón H. Treviño 
“Feasibility study of CO2 storage in saline formations in the region of the planned 
Lake Charles Methanol Plant”, Final Report, Gulf Coast Carbon Center, Bureau of 
Economic Geology, Jackson School of Geosciences, The University of Texas at 
Austin, July 30, 2018.  


• (Iglauer et al., 2015): S. Iglauer, C. H. Pentland and A. Busch, “CO2 wettability of 
seal and reservoir rocks and the implications for carbon geo-sequestration: Water 
Resources Research, v. 51, pg. 729 – 774.  


• (Jaeger and Cook, 1976): J.C. Jaeger and N.G.W. Cook, “Fundamentals of Rock 
Mechanics”, Chapman and Hall, London (1976). 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number: Page 8 of 15 
CONFIDENTIAL BUSINESS INFORMATION 
 
 


• (Jamieson et al., 1969): D.T. Jamieson, J.S. Tudhope, R. Morris and G. Cartwright, 
“Physical properties of sea-water solutions: heat capacity”, Desalination, 7 
(1969/70) 23-30. 


• (Jamieson et al., 1970): D.T. Jamieson, J.S. Tudhope, R. Morris and G. Cartwright, 
“Physical properties of sea-water solutions: thermal conductivity”, Desalination, 8 
(1970) 393-401. 


• (Jerauld, 1997): G. R. Jerauld, “General three-phase relative permeability model 
for Prudhoe Bay2, SPE Reservoir Eval. Eng., 12(4), 255 – 263. 


• (Juanes et al., 2006): R. Juanes, E.J. Spiteri, F.M. Orr and M.J. Blunt, “Impact of 
relative permeabilities on geological CO2 storage”, Water Resources Research, 
Vol.42 W12418, 2006. 


• (Jun et al., 2012): Young-Shin Jun, Daniel E. Giammar, and Charles J. Werth, “Impacts 
of Geochemical Reactions on Geologic Carbon Sequestration”, Environmental science 
and technology Nov 2012. 


• (Jung et al., 2017): H. Jung, G. Singh, N. Espinoza and M. F. Wheeler, “An 
integrated case study of the Frio CO2 sequestration pilot test for safe and effective 
carbon storage including compositional flow and geomechanics”, SPE Reservoir 
Simulation Conference, Montgomery, Texas, USA, 20-22 February 2017, SPE 
182710-MS. 


• (Kampman et al., 2014): N. Kampman, M. Bickle, M. Wigley, B. Dubacq, “Fluid flow 
and CO2-fluid-mineral interactions during CO2-storage in sedimentary basins”, Chemical 
Geology 369 (2014) 22-50. 


• (Kestin et al., 1981a): J. Kestin, H.E. Khalifa and R.J. Correia, “Tables of dynamic 
and kinematic viscosity of aqueous KCl solutions in the temperature range 25 – 150 
oC and the pressure range 0.1 – 35 MPa”, Journal of Physical Chemistry Reference 
Data, 10, 57 – 70, (1981). 


• (Kestin et al., 1981b): J. Kestin, H.E. Khalifa and R.J. Correia, “Tables of dynamic 
and kinematic viscosity of aqueous NaCl solutions in the temperature range 25 – 
150 oC and the pressure range 0.1 – 35 MPa”, Journal of Physical Chemistry 
Reference Data, 10, 71 - 87, (1981). 


• (Kemp et al., 1989): N.P. Kemp, D.C. Thomas, G. Atkinson and B.L. Atkinson, 
“Density modelling for brines as a function of composition, temperature and 
pressure”, SPE production Engineering, 4, 394 – 400 (1989). 


• (Kharaka et al., 1988): K.A. Kharaka, W.D. Gunter, P.K.  Aggarwel. E.H. Perkins 
and J.D. DeBraal, “SOLMINEQ.88: A computer program for geochemical 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number: Page 9 of 15 
CONFIDENTIAL BUSINESS INFORMATION 
 
 


modelling of water-rock interactions”, U.S. Geological Survey Water Resources 
Investigations Report 88-4227, pg.314-420. 


• (Kharaka et al., 2006): Y.K.Kharaka, D.R.Cole, S.D. Hovorka, W.D. Gunter, K.G. 
Knauss and B.M. Freifield, “Gas-water-rock interactions in Frio formation 
following CO2 injection: Implications for the storage of greenhouse gases in 
sedimentary basins”, Geology, July 2006, v.34, no.7, 577-580. 


• (Kharaka et al., 2009): Y. K. Kharaka, J. J. Thordsen, S. D. Hovorka, H. S. Nance, D. 
R. Cole, T. J. Phelps, K.G. Knauss, ”Potential environmental issues of CO2 storage in 
deep saline aquifers: Geochemical results from the Frio-I Brine Pilot test, Texas, USA 
Applied Geochem 24(6): 1106-1112 2009  


• (Killough, 1976): J.E. Killough, “Reservoir simulation with history-dependent 
saturation functions”, Soc. Pet. Eng. J., 16(1), 37-48, 1976. 


• (Krevor et al., 2012): S.C.M. Krevor, R. Pini, L. Zuo and S.M. Benson, “Relative 
permeability and trapping of CO2 and water in sandstone rocks at reservoir 
conditions”, Water Resources Research, Vol.48, W02532, 2012. 


• (Kumar, 2004): A. Kumar, “A simulation study of carbon dioxide sequestration in deep 
saline aquifers”, M.Sc. thesis, University of Texas at Austin, 2004. 


• (Kumar et al., 2005): A. Kumar, M. Noh, G.A. Pope, S. Bryant, K. Sepehrnoori and L.W. 
Lake, “Reservoir simulation of CO2 storage in deep saline aquifers”, SPE Journal, 
September 2005, pp 336 – 348. 


• (Land, 1964): C. S. Land, “The optimum gas saturation for maximum oil recovery from 
displacement by water”, SPE 2216, presented at the SPE-AIME 43rd Annual Fall Meeting, 
Denver, Colorado, USA, 29 September – 2 October, 1969. 


• (Li et al., 2012): X. Li, E. Boek, G. Maitland and J.P. Trusler, “Interfacial tension of 
(Brines + CO2): (0.864 NaCl + 0.136 KCl) at temperatures between (298 and 448) K, 
pressures between (2 and 50) MPa, and total molalities of (1 to 5) mol kg-1”, J. Chem. Eng. 
Data 2012, 57, 1078-1088. 


• (Liu et al., 2016): Y. Liu, H. Li and R. Okuno, “Measurements and modelling of interfacial 
tension for CO2/CH4/Brine systems under reservoir conditions”, Ind. Eng. Chem. Res., 
2016, 55, 12358-12375. 


• (Lohrenz et al, 1964): J. Lohrenz, B. C. Bray and C. R. Clark, “Calculating viscosities of 
reservoir fluids from their compositions”, JPT, (October 1964), 1171. 


• (Loucks et al., 1984): Loucks, R.G., Dodge, M.M., and Galloway, W.E., “Regional 
controls on diagenesis and reservoir quality in Lower Tertiary sandstones along the Texas 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number: Page 10 of 15 
CONFIDENTIAL BUSINESS INFORMATION 
 
 


Gulf Coast”, in Clastic diagenesis, Part 1—Concepts and principles: American Association 
of Petroleum Geologists Special Volume M 37, v. A059, pg. 15–45, 1984. 


• (Loucks, 2005): Loucks, R.G., “Revisiting the importance of secondary dissolution pores 
in Tertiary sandstones along the Texas Gulf Coast”,  Gulf Coast Association of Geological 
Societies Transactions, v. 55, pg. 447–455, 2005. 


• (Lu et al., 2017): J. Lu, D.L. Carr, R.H. Trevino, J-L. T. Rhatigan and R. Fifariz, 
“Evaluation of Lower Miocene Confining Units for CO2 Storage, Offshore Texas State 
Waters, Northern Gulf of Mexico, USA”, in Geological CO2 Sequestration Atlas of 
Miocene Strata, Offshore Texas State Waters, Bureau of Economic Geology, 2017. 


• (Makowitz et al., 2006): Makowitz, A., Lander, R.H., and Milliken, K.L., “Diagenetic 
modeling to assess the relative timing of quartz cementation and brittle grain processes 
during compaction”, American Association of Petroleum Geologists Bulletin, v. 90, no. 6, 
pg. 873–885, 2006. 


• (Mathias et al., 2013): S. Mathias, J. Gluyas, G. Gonzalez S. Bryant and D. Wilson, “On 
relative permeability data uncertainty and CO2 injectivity estimation for brine aquifers”, 
Int. J. Greenhouse Gas Control 12, 200 – 212, January 2013.    


• (McCain, 1991): W.D. McCain Jr, “Reservoir fluid property correlations – state of the 
art”, SPE Reservoir Engineering, 6, 266 – 272 (1991).  


• (Meckel, 2010): T. Meckel, “Capillary seals for trapping carbon dioxide (CO2) in 
underground reservoirs, in Matroto-Valer M. M. editor, Developments and innovation in 
carbon dioxide (CO2) capture and storage technology: Woodhead publishing series in 
energy, V.2, pg. 185-202.  


• (Meckel et al., 2017): T.A. Meckel, A.J. Nicholson and R.H. Trevino, “Capillary Aspects 
of Fault-Seal Capacity for CO2 Storage, Lower Miocene, Texas Gulf of Mexico”, in 
Geological CO2 Sequestration Atlas of Miocene Strata, Offshore Texas State Waters, 
Bureau of Economic Geology, 2017. 


• (Müller, 2011): N. Müller, “Supercritical CO2-brine relative permeability experiments in 
reservoir rocks – Literature review and recommendations”, Transp. Por. Media, 2011, 
87(2), 367 – 383.  


• (Nagihara, 2010): S. Nagihara, “Characterization of the sedimentary thermal regime along 
the Corsair growth-fault zone, Texas continental shelf, using corrected bottomhole 
temperatures”, AAPG Bulletin, v.94, p923-935. 


• (Nelson, 2009): P. H. Nelson, “Pore-throat sizes in sandstones, tight sandstones, and 
shales”, AAPG Bulletin, V.93, No.3 (March 2009), pg.329-340. 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number: Page 11 of 15 
CONFIDENTIAL BUSINESS INFORMATION 
 
 


• (Nicholson, 2012): A.J. Nicholson, “Empirical analysis of fault seal capacity for CO2 
sequestration. Lower Miocene, Texas Gulf Coast”, University of Texas, Austin, MSc 
Thesis. 


• (Nicot et al., 2009): J-P Nicot, C.M. Oldenburg, S.L. Bryant and S.D. Hovorka, “Pressure 
perturbations from geologic carbon sequestration: Area-of-review boundaries and borehole 
leakage driving forces”, Energy Procedia, 1 (2009) 47-54. 


• (Nighswander et al., 1989): J.A. Nighswander, N. Kalogerakis and A. K. Mehrotra, 
“Solubilities of carbon dioxide in water and 1 wt.% sodium chloride solutions at pressures 
up to 10 MPa and temperatures from 80 to 200oC”, Journal of Chemical and Engineering 
Data, Vol.34, pp 355-360, 1989. 


• (Nur and Bayerlee, 1971): A. Nur and J.D. Bayerlee, “An exact effective stress law for 
elastic deformation of rock with fluids”, Jour. Geophys. Res. 76, 6414 – 6419, 1971. 


• (Oak, 1990): M. J. Oak, “Three phase relative permeability of water-wet Berea”, SPE 
20183-MS, SPE/DOE 20183, 1990, SPE Richardson, Texas, USA. 


• (Ong et al., 2001): S. Ong, Z. Zheng and R. Chhhajlani, “Pressure-Dependent Pore 
Volume Compressibility – A Cost Effective Log-Based Approach”, presented at the SPE 
Asia Pacific Improved Oil Recovery Conference, Kuala-Lumpur, Malaysia, 8 – 9 October 
1991, SPE 72116. 


• (Parkinson and Nevers, 1969): W. Parkinson and N.D. Nevers, “Partial molal volume of 
carbon dioxide in water solutions”, Industrial and Engineering Chemistry Fundamentals, 
Vol. 8, No.4, pp 709-713, 1969. 


• (Peng and Robinson, 1976): D.Y. Peng and D.B. Robinson, “A new two-constant 
equation of state”, Industrial and Engineering Chemistry: Fundamentals, 15 59-64, 1976. 


• (Pentland et al., 2011): C. H. Pentland, R. El-Maghraby, S. Iglauer and M. J. Blunt, 
“Measurements of the capillary trapping of super-critical carbon dioxide in Berea 
sandstone”, Geophys. Res. Lett., 38, L06401 (2011) 


• (Perrin and Benson, 2010): J-C. Perrin and S. M. Benson, “An experimental study on the 
influence of sub-core scale heterogeneities on CO2 distribution in reservoir rocks”, Transp. 
Por. Media, 2010; 82(1), 93 – 109. 


• (Petroleum Experts, 2020): Petroleum Experts Limited, Petex House, 10 Logie Mill, 
Edinburgh, EH7 4HG, United Kingdom; www.petex.com; email: edinburgh@petex.com. 


• (Phillips et al., 1981): S.L. Phillips, A. Igbenc, J.A. Fair, H. Ozbek and M. Tavana, “A 
technical databook for geothermal energy utilization”, Lawrence Berkeley Laboratory 
Report 12810 (1981). 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number: Page 12 of 15 
CONFIDENTIAL BUSINESS INFORMATION 
 
 


• (Potter and Brown, 1977): R.W. Potter II and D.L. Brown, “The volumetric properties of 
sodium chloride solutions from 0 to 500 oC at pressures up to 2000 bars based on a 
regression of available data in literature”, US Geological Survey Bulletin, 1421-1, 1971.   


• (Press and Siever, 1985): F Press and R Siever, “Earth”, Freeman, 4’th edition, New York 
1985. 


• (Pyrcz and Deutsch, 2014): Michael J. Pyrcz and Clayton V. Deutsch, “Geostatistical 
Reservoir Modeling”, Second Edition, Published May 2014, ISBN: 9780199731442 


• (Ramos et al., 1994): G. Ramos, K. Katahara, R. Keck and M. Batzle, “In-situ stress 
predictions and measurements in an unconsolidated sandstone formation, the Lower Frio, 
East Texas”, Rock Mechanics, Nelson and Laubach (eds), Balkema, Rotterdam, 
Netherlands 1994. 


• (Ringrose et al., 2021): P. Ringrose, A. Furre, S. Gilfillan, S. Krevor, M. Landro, R. 
Leslie, T. Meckel, B Nazarian and A Zahid “Storage of Carbon Dioxide in Saline 
Aquifers”, Physicochemical Processes, Key Constraints and Scale-up Potential, Annu. 
Rev Chem. Biomol. Eng. 2021 12:471-94,  


• (Robertson, 1988): E. C. Robertson, “Thermal Properties of Rocks”, USGS Report 88-
441, 1988. 


• (Rowe and Chou, 1970): A. N. Rowe and J.C.S. Chou, “Pressure-volume-temperature-
concentration relation of aqueous NaCl solutions”, Journal of Chemical Engineering Data, 
15, 61 – 66 (2002). 


• (Rumpf et al., 1994): B. Rumpf, H. Nicolaisen, C. Ocal, and G. Maurer, “Solubility of 
carbon dioxide in aqueous solutions of sodium chloride: Experimental results and 
correlations”, Journal of Solution Chemistry, Vol.23, No.3, pp 431-438, 1994.   


• (Sakurai et al., 2005): S. Sakurai, A. Boyd, N. Muller and S. Hovorka, “Monitoring 
saturation changes for CO2 sequestration: petrophysical support of the Frio brine pilot 
experiment”, SPWLA 46’th Annual Logging Symposium, New Orleans, Louisiana, USA, 
26-29 June 2005. 


• (Scharlin, 1996): P. Scharlin, “Carbon dioxide in water and aqueous electrolyte solutions”, 
vol.62. Solubility data series. Oxford UK: Oxford University Press, International Union of 
Pure and Applied Chemistry; 1996. 


• (Schlumberger, 2021a): www.software.slb.com/products/petrel/petrel-geology-and-
modeling 


• (Schlumberger, 2021b): www.software.slb.com/products/eclipse 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number: Page 13 of 15 
CONFIDENTIAL BUSINESS INFORMATION 
 
 


• (Segall and Fitzgerald, 1996): P. Segall and S.D. Fitzgerald, “A note on induced stress in 
hydrocarbon and geothermal reservoirs”, Tectonophysics, 289 (1998) 117 – 128. 


• (Seni et al., 1997): S.J. Seni, T.F. Hentz, W.R. Kaiser, and E.G. Wermund, editors, “Atlas 
of northern Gulf of Mexico gas and oil reservoirs, Volume 1, Miocene and older reservoirs, 
Texas”, University of Texas, Austin, Bureau of Economic Geology, 1997. 


• (Shagiakhmetov and Tarzimanov, 1982): R.A. Shagiakhmetov, and A.A. Tarzimanov, 
1981, SPSTL 200 KHPD 81, 1982. 


• (Shi et al., 2011): J-Q. Shi, Z, Xue and S. Durucan, “Supercritical core flooding and 
imbibition in Tako sandstone – influence of sub-core scale heterogeneity”, Int. J. 
Greenhouse Gas Control, 2011, 5(1), 75 – 87. 


• (Simonson et al., 1994): J.M. Simonson, C.S. Oakes and R.J. Bodnar, “Densities of 
NaCl(aq) to the temperature 523 K at pressures to 40 MPa measured with a new vibrating-
tube densitometer”, Journal of Chemical Thermodynamics, Vol.26, pp 345-359, 1994. 


• (Spiteri and Juanes, 2006): E. J. Spiteri and R. Juanes, “Impact of relative permeability 
hysteresis on the numerical simulation of WAG injection”, J. Pet. Sci., 50(2), 115 – 139. 


• (Spiteri et al., 2005): E. J. Spiteri, R. Juanes, M. J. Blunt and F. M. Orr Jr., “Relative 
permeability hysteresis: Trapping models and applications to geological sequestration”, 
SPE Annual Technical Conference and Exhibition, Dallas, Texas, USA, 2005 (SPE 
96448). 


• (Spiteri et al., 2008): E. J. Spiteri, R. Juanes, M. J. Blunt and F. M. Orr, “A new model of 
trapping and relative permeability hysteresis for all wettability characteristics”, SPE J. 
13(3), 277 – 288. 


• (Suekane et al., 2008): T. Suekane, T. Nobuso, S. Hirai and M. Kiyota, “Geological 
storage of carbon dioxide by residual gas and solubility trapping”, Int. J. Greenhouse Gas 
Control, 2008, 2(1), 58 – 64. 


• (Sun et al., 2008): H. Sun, R. Feistel, M. Koch and A. Markoe, “New equations for density, 
entropy, heat capacity and potential temperature of a saline thermal fluid”, Deep-Sea 
Research pg. 1304 – 1310. 


• (Swanson et al., 2013): S.M. Swanson, A.W. Karlsen, B.J. Valentine, “Geologic 
Assessment of Undiscovered Oil and Gas Resources – Oligocene Frio and Anahuac 
Formations, United States Gulf of Mexico Coastal Plain and State Waters”, U.S. 
Geological Survey, Open-File report 2013-1257, 2013. 


• (Teeuw, 1971): D. Teeuw, “Prediction of Reservoir Compaction form Laboratory 
Compressibility Data”, SPEJ, (September 1971), 263 – 271.  







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number: Page 14 of 15 
CONFIDENTIAL BUSINESS INFORMATION 
 
 


• (Teng et al., 1997): H. Teng, A. Yamasaki, M.K. Chun and H. Lee, “Solubility of liquid 
CO2 in water at temperatures from 278 K to 293 K and pressures from 6.44 MPa to 29.49 
MPa and densities of the corresponding aqueous solutions”, Journal of Chemical and 
Engineering data, Vol.29, pp 1301-1310, 1997. 


• (Timmerman, 1982): E. H. Timmerman, “Practical Reservoir Engineering”, Penwell, 
Technology and Engineering, 1982. 


• (Timoshenko and Goodier, 1970): S.P. Timoshenko and J.N. Goodier, “Theory of 
Elasticity”, 3’rd edition, McGraw-Hill International Editions, London, 1970. 


• (Vinsome and Westerveld, 1980): P. K. Vinsome and J. Westerveld, “A simple method 
of predicting cap and base rock heat losses in thermal recovery simulators”, J. Can, Pet. 
Tech, 1980. 


• (Wagner and Pruβ, 2002): W. Wagner and A. Pruβ, “The IAPWS Formulation 1995 for 
the thermodynamic properties of ordinary water substance for general and scientific use”, 
J. Phys. Chem. Ref. Data, Vol.31, No.2, pp 387-535, 2002. 


• (Wallace et al., 2017): K.J. Wallace, C.H. Rhatigan, R.H. Trevino and T.A. Meckel, 
“Estimating CO2 storage in a saline aquifer using 3D flow models, Lower Miocene, Texas 
Gulf of Mexico”, in Geological CO2 Sequestration Atlas of Miocene Strata, Offshore Texas 
State Waters, Bureau of Economic Geology, 2017. 


• (Welge, 1952): H.J. Welge, “A simplified method for computing oil recovery by gas or 
water drive”, Trans AIME, 195, 91-98 (1952). 


• (Wesson and Nicholson, 1987): R. L. Wesson and C. Nicholson, “Zero Cohesion Mohr-
Coulomb failure criterion”, method by E.I. du Pont de Nemours & Co. (1987). 


• (Xu et al., 2004): T. Xu, J.A. Apps and K. Preuss, “Numwerical simulation of CO2 
disposal by mineral trapping in deep aquifers”, Applied Geochemistry, 19 (6); 917. 


• (Xu, 2010): T. Xu et al, “Reactive transport modelling to study changes in water 
chemistry induced by CO2 injection at the Frio-I Brine Pilot”, Chemical Geology 2010 
271(3-4): p. 153-164. 


• (Yale et al., 1993): D.P. Yale, G.W. Nabor and J.A. Russell, “Application of variable 
formation compressibility for improved reservoir analysis”, presented at the 58th Annual 
Technical Conference and Exhibition of the Society of Petroleum Engineers, Houston, 
Texas, USA, 3 – 6 October 1993, SPE 26647. 


• (Yang and Aplin, 2007): Y. Yang and A. Aplin, “Permeability and petrophysical 
properties of 30 natural mudstones”, J. Geophys. Res., 112, B03206, doi 
0.1029/2005JB004243. 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number: Page 15 of 15 
CONFIDENTIAL BUSINESS INFORMATION 
 
 


• (Zarembo and Fedorov, 1975): V.I. Zarembo and M.K. Fedorov, “Density of sodium 
chloride solutions in the temperature range 25 – 350 oC at pressures up to 100kg/cm2”, 
Journal of Applied Chemistry USSR, 48, 2021 – 2024, 1975. 


• (Zaytsev and Aseyev, 1992): I.D. Zaytsev and G.G. Aseyev, “Properties of aqueous 
solutions of electrolytes”, CRC Press, 1992. 


• (Zeidouni et al., 2009): M. Zeidouni, M. Pooladi-Darvish and D. Keith, “Sensitivity 
analysis of salt precipitation and CO2-brine displacement in saline aquifers”, 2009 SPE 
International Conference on CO2 Capture, Storage and Utilization, San Diego, California, 
USA, 2-4 November 2009, SPE 126690. 


• (Zheng et al., 2019): X. Zheng, Z. Sun, and D. N. Espinoza, “Uniaxial strain unloading 
compressibility of Frio sand: Measures and implications of reservoir pressure management 
for CO2 storage”, 53rd US Rock Mechanics/Geomechanics Symposium, New York, NY, 
USA, 23-26 June 2019. 


• (Zimmerman, 1990): R.W. Zimmerman, “Compressibility of sandstones”, Developments 
in Petroleum Science 29”, Elsevier, 1990 


• (Zobeck, 1980): M.L. Zobeck and M. Zobeck, “State of stress in conterminous United 
States”, Journal of Geophysical Research, v.85, p6113-6156. 


• (Zuo et al., 2012): L. Zuo, S. Krevor, R. W. Falta and S. M. Benson, “An experimental 
study of CO2 exsolution and relative permeability measurements during CO2 
depressurization”, Transp. Por. Media, 2012, 91, 459 – 478.  


 












Area of Review and Corrective Action Plan for Project Minerva 
Permit Number: Page 1 of 27 
CONFIDENTIAL BUSINESS INFORMATION 


The material in this document is duplicative of the contents of AoR Section 2.2.15, beginning at page 
70. Please refer to the redacted version of the complete AoR provided via the ShareFile for tailored CBI 
claims.


(b) (4)







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number: Page 2 of 27 
CONFIDENTIAL BUSINESS INFORMATION 
 
 


(b) (4)







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number: Page 3 of 27 
CONFIDENTIAL BUSINESS INFORMATION 
 
 


(b) (4)







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number: Page 4 of 27 
CONFIDENTIAL BUSINESS INFORMATION 
 
 


(b) (4)







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number: Page 5 of 27 
CONFIDENTIAL BUSINESS INFORMATION 
 
 


(b) (4)







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number: Page 6 of 27 
CONFIDENTIAL BUSINESS INFORMATION 
 
 


(b) (4)







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number: Page 7 of 27 
CONFIDENTIAL BUSINESS INFORMATION 
 
 


(b) (4)







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number: Page 8 of 27 
CONFIDENTIAL BUSINESS INFORMATION 
 
 


(b) (4)







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number: Page 9 of 27 
CONFIDENTIAL BUSINESS INFORMATION 
 
 


(b) (4)







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number: Page 10 of 27 
CONFIDENTIAL BUSINESS INFORMATION 
 
 


(b) (4)







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number: Page 11 of 27 
CONFIDENTIAL BUSINESS INFORMATION 
 
 


(b) (4)







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number: Page 12 of 27 
CONFIDENTIAL BUSINESS INFORMATION 
 
 


(b) (4)







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number: Page 13 of 27 
CONFIDENTIAL BUSINESS INFORMATION 
 
 


(b) (4)







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number: Page 14 of 27 
CONFIDENTIAL BUSINESS INFORMATION 
 
 


(b) (4)







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number: Page 15 of 27 
CONFIDENTIAL BUSINESS INFORMATION 
 
 


(b) (4)







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number: Page 16 of 27 
CONFIDENTIAL BUSINESS INFORMATION 
 
 


2.0 References 


• (Adams and Bachu, 2002): J. J. Adams and S. Bachu, “Equations of state for basin 
geofluids: algorithm review and intercomparison of brines”, Geofluids (2002), 2, 257 – 
271. 


• (Akbarabadi and Piri, 2013): M. Abarabadi and M. Piri, “Relative permeability 
hysteresis and capillary trapping characteristics of supercritical CO2/brine systems: An 
experimental study at reservoir conditions”, Adv. Wat. Res., 52, 190 – 206, February 2013. 


• (Al-Menhali et al., 2015): A. Al-Menhali, B. Niu and S Krevor, “Capillarity and wetting 
of carbon dioxide and brine during drainage in Berea sandstone at reservoir conditions”, 
Water Resources Research 51, 7895-7914, 2015, doi: 10.1002/2015SWR016947. 


• (Amyx et al, 1960): J.W. Amyx, D. M. Bass Jr., R. L. Whiting, “Petroleum Reservoir 
Engineering, McGraw-Hill, New York, 1960. 


• (Aziz and Settari, 1979): K. Aziz and A Settari, “Petroleum Reservoir Simulation”, 
Springer, Netherlands. 


• (Bachu and Bennion, 2008): S. Bachu and B. Bennion, “Effects of in-situ conditions on 
relative permeability characteristics of CO2-brine systems”, Environ. Geol., 54, 1707-
1722. 


• (Bachu and Bennion, 2009): S. Bachu and B. Bennion, “Interfacial tension between CO2, 
fresh-water, and brine in the range of pressures (2 to 27) MPa, temperature (20 to 125) C, 
and water salinity from (0 to 334 000) mgl-1, J. Chem. Eng. Data, 54, 765-775.   


• (Bachu, 2013): S. Bachu, “Drainage and imbibition CO2/brine relative permeability curves 
at in situ conditions for sandstone formations in western Canada”, GHGT-11, Energy 
Procedia, 37 (2013), 4428 – 4436. 


• (Baines and Worden, 2004): S Baines and R Worden, The long-term fate of CO2 in the 
subsurface: natural analogues for CO2 storage, 2004 Geological Society Volume 233 
P59-85 


• (Batzle and Wang, 1992): M. Batzle and Z. Wang, “Seismic properties of pore fluids”, 
Geophysics, 57, 1396 – 1408, (1992). 


(b) (4)







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number: Page 17 of 27 
CONFIDENTIAL BUSINESS INFORMATION 
 
 


• (Bennion and Bachu, 2008): D. B. Bennion and S. Bachu, “Drainage and imbibition 
relative permeability relationships for supercritical CO2/brine and H2S/brine systems in 
intergranular sandstones, carbonate, shale and anhydrite rocks”, SPE Res. Eval. & Eng., 
2008, 11, 487-496. 


• (Bennion and Bachu, 2010): D. B. Bennion and S. Bachu, “Drainage and imbibition 
relative permeability curves at reservoir conditions for carbonate formations”, SPE paper 
134028, SPE Annual Technical Conference and Exhibition, 19-22 September, Florence, 
Italy, 2010. 


• (Brooks and Corey, 1964): R.H. Brooks and A. T. Corey, “Hydraulic properties of porous 
media”, Colorado State University, Hydro Paper No.5, (1964). 


• (Carlson, 1981): F.M. Carlson, “Simulation of relative permeability hysteresis to the 
nonwetting phase”, SPE 10157-MS, Richardson, Texas, USA. 


• (Carter and Tracy, 1960): R.D. Carter and G.W. Tracy, “An Improved Method for 
Calculating Water Influx”, Trans., AIME, 219, 415 – 417, 1960. 


• (Chalbaud et al., 2006): C. Chalbaud, M. Robin and P. Egerman, “Interfacial tension data 
and correlations of brine-CO2 systems under reservoir conditions”, SPE Annual Technical 
Conference and Exhibition, 2006, SPE paper 102918-MS.  


• (Chertov and Suarez-Rivera, 2014): M.A. Chertov and R. Suarez-Rivera, “Practical 
Laboratory Methods for Pore Volume Compressibility Characterization in Different Rock 
Types”, presented at the 48th US Rock Mechanics / Geomechanics Symposium, 
Minneapolis, MN, USA, 1 – 4 June 2014, ARMA 14-7532.  


• (Chiquet and Broseta, 2005): P. Chiquet and D. Broseta, “Capillary alteration of shale 
caprocks by carbon dioxide”, SPE special publication Mo. 94183, doi:10.2118/94183-MS.  


• (Chiquet et al., 2006): P. Chiquet, J. L. Daridon, D. Broseta and S. Thibeau, “CO2/water 
interfacial tension under temperature and pressure conditions for CO2 geologic storage”, 
Energy Conversion and Management, V.48, pg. 736-744. 


• (CMG, 2021): www.cmgl.ca/gem 


• (Collins, 2021): Dan Collins, GeoStock, Houston, Texas, USA, private communication. 


• (Dake, 1978): L. P. Dake, “Fundamentals of Reservoir Engineering”, Elsevier, 
Amsterdam, 1978. 


• (Darcy, 1856): H. Darcy, “Les fontaines publiques de la ville de Dijon”, Paris, Dalmont. 


• (Deutsch, 2002): Geostatistical Reservoir Modelling. Chapter 4.5, p131 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number: Page 18 of 27 
CONFIDENTIAL BUSINESS INFORMATION 
 
 


• (Diamond and Akinfiev, 2003): L.W. Diamond and N.N. Akinfiev, “Solubility of CO2 in 
water from -1.5 to 100 oC and from 0.1 to 1000 MPa: evaluation of literature data and 
thermodynamic modelling”, Fluid Phase Equilibria, 208 (2003) 265-290. 


• (Doughty et al., 2007): C. Doughty, B. Freifeld and R. Trautz, “Site characterisation for 
CO2 geologic storage and vice versa: the Frio brine pilot, Texas, USA as a case study”, 
LBNL, 2007. 


• (Dudley et al., 2016): J.W. Dudley, M. Brignoli, B. R. Crawford and R.T. Ewy, “ISRM 
Suggested Method for Uniaxial-Strain Compressibility Testing for Reservoir 
Geomechanics”, Rock Mechanics and Rock Engineering, 49 (10) 4153 – 4178, 
http://doi.org/10.1007/s00603-016-1055-4. 


• (Engelder and Leftwich, 1997): T. Engelder and J.T. Leftwich Jr., “A pore-
pressure limit in overpressured South Texas oil and gas fields”, in R.C. Surdam ed, 
Seals, traps and the petroleum system: AAPG Memoir 67, p255-267. 


• EPA Guidance Class VI – AOR: https://www.epa.gov/uic/class-vi-wells-used-
geologic-sequestration-co2. 


• (Fjaer et al., 2008): E. Fjaer, R.M. Holt, P. Horsrud, A.M. Raaen and R. Risnes, 
“Petroleum Related Rock Mechanics”, Elsevier, 2nd edition, 2008. 


• (Flroozabadl, 1988): Flroozabadl, A, Nutakki, R, Wong, T W, and Aziz, K. EOS 
predictions of compressibility and phase behavior in systems containing water, 
hydrocarbons, and CO/sub 2/. United States: N. p., 1988 


• (Frick and Taylor, 1962): T.C. Frick (Editor in Chief), R.W. Taylor (Associate 
Editor), “Petroleum Production Handbook”, McGraw Hill Book Company, 1962. 


• (Garcia, 2001): J.E. Garcia, “Density of aqueous solutions of CO2”, report LBNL-
49023, Lawrence Berkeley National Laboratory, October 2001. 


• (Geertsma, 1957): J. Geertsma, “The Effect of Fluid Pressure Decline on 
Volumetric Changes of Porous Rocks”, Trans., AIME (1957) 210, 331 – 340. 


• (Gennes et al., 2004): P.-G. de Genes, F. Brochard-Wyart and D. Quere, 
“Capillarity and wetting phenomena: Drops, Bubles, Pearls, Waves”, Springer, New 
York, 2006. 


• (Ghanbari et al., 2006): S. Ghanbari, Y. Al-Zaabi, G. E. Pickup, E. Mackay, F. 
Gozalpour and A. C. Ford, “Simulation of CO2 storage in saline aquifers”, Trans. 
IChemE, Part A September 2006, Chemical Engineering Research and Design, 84 
(A9), 764-775. 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number: Page 19 of 27 
CONFIDENTIAL BUSINESS INFORMATION 
 
 


• (Ghomian et al., 2008): Yousef Ghomian, Gary A. Pope and Kamy Sepehrnoori, 
“Reservoir simulation of CO2 sequestration pilot in Frio brine formation, USA Gulf 
Coast”, Energy 22 (2008) 1055-1067. 


• (Gill, 1982): A.E. Gill, “Atmosphere-ocean dynamics”, Academic Press, Mew York 
(1982). 


• (Gollakota and McDonald, 2014): S. Gollakota and S McDonald, “Commercial-
scale CCS project, Illinois – Construction Status and Operational Plans for 
Demonstration”, GHGT-12, Energy Procedia 63 (2014) 5986 – 5993. 


• (Gundogan, 2011): O. Gundogan, “Geochemical modelling of CO2 storage”, PhD thesis, 
Heriot-Watt University, June 2011. 


• (Gutierrez et al., 2001): M. Gutierrez, R.W. Lewis and I. Masters, “Petroleum Reservoir 
Simulation Coupling Fluid Flow and Geomechanics”, SPE 72095, 2001. 


• (Hanor and McIntosh, 2007): J.S. Hanor and J.C. McIntosh, “Diverse origins and 
timing of formation of basinal brines in the Gulf of Mexico sedimentary basin”, 
Geofluids (2007) 7, 227-237. 


• (Hnedkovsky et al., 1996): L. Hnedkovsky, R. Wood and V. Majer, “Volumes of 
aqueous solutions of CH4, CO2, H2S and NH3 at temperatures from 298.15 K to 705 
K and pressures to 35 MPa”, Journal of Chemical Thermodynamics, Vol. 28, pp 
125-142, 1996. 


• (Hosseini, 2019):  Seyyed Hosseini of the Bureau of Economic Geology at the 
University of Texas in Austin, Texas, USA, private communication. 


• (Hovorka, 2006): Frio Brine Storage Experiment—Lessons Learned, 2006, Environ. 
Geoscience 13 (2), 105 S. Hovorka 


• (Hovorka et al, 2007): FRIO FINAL TECHNICAL REPORT (osti.gov) 


• (Hovorka et al., 2008): S. Hovorka et al,  www.osti.gov; “Frio final technical report 
– OSTI.gov”.  


• (Hovorka et al., 2018): Susan D. Hovorka, Peter Tutton, Ramón H. Treviño 
“Feasibility study of CO2 storage in saline formations in the region of the planned 
Lake Charles Methanol Plant”, Final Report, Gulf Coast Carbon Center, Bureau of 
Economic Geology, Jackson School of Geosciences, The University of Texas at 
Austin, July 30, 2018.  


• (Iglauer et al., 2015): S. Iglauer, C. H. Pentland and A. Busch, “CO2 wettability of 
seal and reservoir rocks and the implications for carbon geo-sequestration: Water 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number: Page 20 of 27 
CONFIDENTIAL BUSINESS INFORMATION 
 
 


Resources Research, v. 51, pg. 729 – 774.  


• (Jaeger and Cook, 1976): J.C. Jaeger and N.G.W. Cook, “Fundamentals of Rock 
Mechanics”, Chapman and Hall, London (1976). 


• (Jamieson et al., 1969): D.T. Jamieson, J.S. Tudhope, R. Morris and G. Cartwright, 
“Physical properties of sea-water solutions: heat capacity”, Desalination, 7 
(1969/70) 23-30. 


• (Jamieson et al., 1970): D.T. Jamieson, J.S. Tudhope, R. Morris and G. Cartwright, 
“Physical properties of sea-water solutions: thermal conductivity”, Desalination, 8 
(1970) 393-401. 


• (Jerauld, 1997): G. R. Jerauld, “General three-phase relative permeability model 
for Prudhoe Bay2, SPE Reservoir Eval. Eng., 12(4), 255 – 263. 


• (Juanes et al., 2006): R. Juanes, E.J. Spiteri, F.M. Orr and M.J. Blunt, “Impact of 
relative permeabilities on geological CO2 storage”, Water Resources Research, 
Vol.42 W12418, 2006. 


• (Jun et al., 2012): Young-Shin Jun, Daniel E. Giammar, and Charles J. Werth, “Impacts 
of Geochemical Reactions on Geologic Carbon Sequestration”, Environmental science 
and technology Nov 2012. 


• (Jung et al., 2017): H. Jung, G. Singh, N. Espinoza and M. F. Wheeler, “An 
integrated case study of the Frio CO2 sequestration pilot test for safe and effective 
carbon storage including compositional flow and geomechanics”, SPE Reservoir 
Simulation Conference, Montgomery, Texas, USA, 20-22 February 2017, SPE 
182710-MS. 


• (Kampman et al., 2014): N. Kampman, M. Bickle, M. Wigley, B. Dubacq, “Fluid flow 
and CO2-fluid-mineral interactions during CO2-storage in sedimentary basins”, Chemical 
Geology 369 (2014) 22-50. 


• (Kestin et al., 1981a): J. Kestin, H.E. Khalifa and R.J. Correia, “Tables of dynamic 
and kinematic viscosity of aqueous KCl solutions in the temperature range 25 – 150 
oC and the pressure range 0.1 – 35 MPa”, Journal of Physical Chemistry Reference 
Data, 10, 57 – 70, (1981). 


• (Kestin et al., 1981b): J. Kestin, H.E. Khalifa and R.J. Correia, “Tables of dynamic 
and kinematic viscosity of aqueous NaCl solutions in the temperature range 25 – 
150 oC and the pressure range 0.1 – 35 MPa”, Journal of Physical Chemistry 
Reference Data, 10, 71 - 87, (1981). 


• (Kemp et al., 1989): N.P. Kemp, D.C. Thomas, G. Atkinson and B.L. Atkinson, 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number: Page 21 of 27 
CONFIDENTIAL BUSINESS INFORMATION 
 
 


“Density modelling for brines as a function of composition, temperature and 
pressure”, SPE production Engineering, 4, 394 – 400 (1989). 


• (Kharaka et al., 1988): K.A. Kharaka, W.D. Gunter, P.K.  Aggarwel. E.H. Perkins 
and J.D. DeBraal, “SOLMINEQ.88: A computer program for geochemical 
modelling of water-rock interactions”, U.S. Geological Survey Water Resources 
Investigations Report 88-4227, pg.314-420. 


• (Kharaka et al., 2006): Y.K.Kharaka, D.R.Cole, S.D. Hovorka, W.D. Gunter, K.G. 
Knauss and B.M. Freifield, “Gas-water-rock interactions in Frio formation 
following CO2 injection: Implications for the storage of greenhouse gases in 
sedimentary basins”, Geology, July 2006, v.34, no.7, 577-580. 


• (Kharaka et al., 2009): Y. K. Kharaka, J. J. Thordsen, S. D. Hovorka, H. S. Nance, D. 
R. Cole, T. J. Phelps, K.G. Knauss, ”Potential environmental issues of CO2 storage in 
deep saline aquifers: Geochemical results from the Frio-I Brine Pilot test, Texas, USA 
Applied Geochem 24(6): 1106-1112 2009  


• (Killough, 1976): J.E. Killough, “Reservoir simulation with history-dependent 
saturation functions”, Soc. Pet. Eng. J., 16(1), 37-48, 1976. 


• (Krevor et al., 2012): S.C.M. Krevor, R. Pini, L. Zuo and S.M. Benson, “Relative 
permeability and trapping of CO2 and water in sandstone rocks at reservoir 
conditions”, Water Resources Research, Vol.48, W02532, 2012. 


• (Kumar, 2004): A. Kumar, “A simulation study of carbon dioxide sequestration in deep 
saline aquifers”, M.Sc. thesis, University of Texas at Austin, 2004. 


• (Kumar et al., 2005): A. Kumar, M. Noh, G.A. Pope, S. Bryant, K. Sepehrnoori and L.W. 
Lake, “Reservoir simulation of CO2 storage in deep saline aquifers”, SPE Journal, 
September 2005, pp 336 – 348. 


• (Land, 1964): C. S. Land, “The optimum gas saturation for maximum oil recovery from 
displacement by water”, SPE 2216, presented at the SPE-AIME 43rd Annual Fall Meeting, 
Denver, Colorado, USA, 29 September – 2 October, 1969. 


• (Li et al., 2012): X. Li, E. Boek, G. Maitland and J.P. Trusler, “Interfacial tension of 
(Brines + CO2): (0.864 NaCl + 0.136 KCl) at temperatures between (298 and 448) K, 
pressures between (2 and 50) MPa, and total molalities of (1 to 5) mol kg-1”, J. Chem. Eng. 
Data 2012, 57, 1078-1088. 


• (Liu et al., 2016): Y. Liu, H. Li and R. Okuno, “Measurements and modelling of interfacial 
tension for CO2/CH4/Brine systems under reservoir conditions”, Ind. Eng. Chem. Res., 
2016, 55, 12358-12375. 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number: Page 22 of 27 
CONFIDENTIAL BUSINESS INFORMATION 
 
 


• (Lohrenz et al, 1964): J. Lohrenz, B. C. Bray and C. R. Clark, “Calculating viscosities of 
reservoir fluids from their compositions”, JPT, (October 1964), 1171. 


• (Loucks et al., 1984): Loucks, R.G., Dodge, M.M., and Galloway, W.E., “Regional 
controls on diagenesis and reservoir quality in Lower Tertiary sandstones along the Texas 
Gulf Coast”, in Clastic diagenesis, Part 1—Concepts and principles: American Association 
of Petroleum Geologists Special Volume M 37, v. A059, pg. 15–45, 1984. 


• (Loucks, 2005): Loucks, R.G., “Revisiting the importance of secondary dissolution pores 
in Tertiary sandstones along the Texas Gulf Coast”,  Gulf Coast Association of Geological 
Societies Transactions, v. 55, pg. 447–455, 2005. 


• (Lu et al., 2017): J. Lu, D.L. Carr, R.H. Trevino, J-L. T. Rhatigan and R. Fifariz, 
“Evaluation of Lower Miocene Confining Units for CO2 Storage, Offshore Texas State 
Waters, Northern Gulf of Mexico, USA”, in Geological CO2 Sequestration Atlas of 
Miocene Strata, Offshore Texas State Waters, Bureau of Economic Geology, 2017. 


• (Makowitz et al., 2006): Makowitz, A., Lander, R.H., and Milliken, K.L., “Diagenetic 
modeling to assess the relative timing of quartz cementation and brittle grain processes 
during compaction”, American Association of Petroleum Geologists Bulletin, v. 90, no. 6, 
pg. 873–885, 2006. 


• (Mathias et al., 2013): S. Mathias, J. Gluyas, G. Gonzalez S. Bryant and D. Wilson, “On 
relative permeability data uncertainty and CO2 injectivity estimation for brine aquifers”, 
Int. J. Greenhouse Gas Control 12, 200 – 212, January 2013.    


• (McCain, 1991): W.D. McCain Jr, “Reservoir fluid property correlations – state of the 
art”, SPE Reservoir Engineering, 6, 266 – 272 (1991).  


• (Meckel, 2010): T. Meckel, “Capillary seals for trapping carbon dioxide (CO2) in 
underground reservoirs, in Matroto-Valer M. M. editor, Developments and innovation in 
carbon dioxide (CO2) capture and storage technology: Woodhead publishing series in 
energy, V.2, pg. 185-202.  


• (Meckel et al., 2017): T.A. Meckel, A.J. Nicholson and R.H. Trevino, “Capillary Aspects 
of Fault-Seal Capacity for CO2 Storage, Lower Miocene, Texas Gulf of Mexico”, in 
Geological CO2 Sequestration Atlas of Miocene Strata, Offshore Texas State Waters, 
Bureau of Economic Geology, 2017. 


• (Müller, 2011): N. Müller, “Supercritical CO2-brine relative permeability experiments in 
reservoir rocks – Literature review and recommendations”, Transp. Por. Media, 2011, 
87(2), 367 – 383.  







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number: Page 23 of 27 
CONFIDENTIAL BUSINESS INFORMATION 
 
 


• (Nagihara, 2010): S. Nagihara, “Characterization of the sedimentary thermal regime along 
the Corsair growth-fault zone, Texas continental shelf, using corrected bottomhole 
temperatures”, AAPG Bulletin, v.94, p923-935. 


• (Nelson, 2009): P. H. Nelson, “Pore-throat sizes in sandstones, tight sandstones, and 
shales”, AAPG Bulletin, V.93, No.3 (March 2009), pg.329-340. 


• (Nicholson, 2012): A.J. Nicholson, “Empirical analysis of fault seal capacity for CO2 
sequestration. Lower Miocene, Texas Gulf Coast”, University of Texas, Austin, MSc 
Thesis. 


• (Nicot et al., 2009): J-P Nicot, C.M. Oldenburg, S.L. Bryant and S.D. Hovorka, “Pressure 
perturbations from geologic carbon sequestration: Area-of-review boundaries and borehole 
leakage driving forces”, Energy Procedia, 1 (2009) 47-54. 


• (Nighswander et al., 1989): J.A. Nighswander, N. Kalogerakis and A. K. Mehrotra, 
“Solubilities of carbon dioxide in water and 1 wt.% sodium chloride solutions at pressures 
up to 10 MPa and temperatures from 80 to 200oC”, Journal of Chemical and Engineering 
Data, Vol.34, pp 355-360, 1989. 


• (Nur and Bayerlee, 1971): A. Nur and J.D. Bayerlee, “An exact effective stress law for 
elastic deformation of rock with fluids”, Jour. Geophys. Res. 76, 6414 – 6419, 1971. 


• (Oak, 1990): M. J. Oak, “Three phase relative permeability of water-wet Berea”, SPE 
20183-MS, SPE/DOE 20183, 1990, SPE Richardson, Texas, USA. 


• (Ong et al., 2001): S. Ong, Z. Zheng and R. Chhhajlani, “Pressure-Dependent Pore 
Volume Compressibility – A Cost Effective Log-Based Approach”, presented at the SPE 
Asia Pacific Improved Oil Recovery Conference, Kuala-Lumpur, Malaysia, 8 – 9 October 
1991, SPE 72116. 


• (Parkinson and Nevers, 1969): W. Parkinson and N.D. Nevers, “Partial molal volume of 
carbon dioxide in water solutions”, Industrial and Engineering Chemistry Fundamentals, 
Vol. 8, No.4, pp 709-713, 1969. 


• (Peng and Robinson, 1976): D.Y. Peng and D.B. Robinson, “A new two-constant 
equation of state”, Industrial and Engineering Chemistry: Fundamentals, 15 59-64, 1976. 


• (Pentland et al., 2011): C. H. Pentland, R. El-Maghraby, S. Iglauer and M. J. Blunt, 
“Measurements of the capillary trapping of super-critical carbon dioxide in Berea 
sandstone”, Geophys. Res. Lett., 38, L06401 (2011) 


• (Perrin and Benson, 2010): J-C. Perrin and S. M. Benson, “An experimental study on the 
influence of sub-core scale heterogeneities on CO2 distribution in reservoir rocks”, Transp. 
Por. Media, 2010; 82(1), 93 – 109. 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number: Page 24 of 27 
CONFIDENTIAL BUSINESS INFORMATION 
 
 


• (Petroleum Experts, 2020): Petroleum Experts Limited, Petex House, 10 Logie Mill, 
Edinburgh, EH7 4HG, United Kingdom; www.petex.com; email: edinburgh@petex.com. 


• (Phillips et al., 1981): S.L. Phillips, A. Igbenc, J.A. Fair, H. Ozbek and M. Tavana, “A 
technical databook for geothermal energy utilization”, Lawrence Berkeley Laboratory 
Report 12810 (1981). 


• (Potter and Brown, 1977): R.W. Potter II and D.L. Brown, “The volumetric properties of 
sodium chloride solutions from 0 to 500 oC at pressures up to 2000 bars based on a 
regression of available data in literature”, US Geological Survey Bulletin, 1421-1, 1971.   


• (Press and Siever, 1985): F Press and R Siever, “Earth”, Freeman, 4’th edition, New York 
1985. 


• (Pyrcz and Deutsch, 2014): Michael J. Pyrcz and Clayton V. Deutsch, “Geostatistical 
Reservoir Modeling”, Second Edition, Published May 2014, ISBN: 9780199731442 


• (Ramos et al., 1994): G. Ramos, K. Katahara, R. Keck and M. Batzle, “In-situ stress 
predictions and measurements in an unconsolidated sandstone formation, the Lower Frio, 
East Texas”, Rock Mechanics, Nelson and Laubach (eds), Balkema, Rotterdam, 
Netherlands 1994. 


• (Ringrose et al., 2021): P. Ringrose, A. Furre, S. Gilfillan, S. Krevor, M. Landro, R. 
Leslie, T. Meckel, B Nazarian and A Zahid “Storage of Carbon Dioxide in Saline 
Aquifers”, Physicochemical Processes, Key Constraints and Scale-up Potential, Annu. 
Rev Chem. Biomol. Eng. 2021 12:471-94,  


• (Robertson, 1988): E. C. Robertson, “Thermal Properties of Rocks”, USGS Report 88-
441, 1988. 


• (Rowe and Chou, 1970): A. N. Rowe and J.C.S. Chou, “Pressure-volume-temperature-
concentration relation of aqueous NaCl solutions”, Journal of Chemical Engineering Data, 
15, 61 – 66 (2002). 


• (Rumpf et al., 1994): B. Rumpf, H. Nicolaisen, C. Ocal, and G. Maurer, “Solubility of 
carbon dioxide in aqueous solutions of sodium chloride: Experimental results and 
correlations”, Journal of Solution Chemistry, Vol.23, No.3, pp 431-438, 1994.   


• (Sakurai et al., 2005): S. Sakurai, A. Boyd, N. Muller and S. Hovorka, “Monitoring 
saturation changes for CO2 sequestration: petrophysical support of the Frio brine pilot 
experiment”, SPWLA 46’th Annual Logging Symposium, New Orleans, Louisiana, USA, 
26-29 June 2005. 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number: Page 25 of 27 
CONFIDENTIAL BUSINESS INFORMATION 
 
 


• (Scharlin, 1996): P. Scharlin, “Carbon dioxide in water and aqueous electrolyte solutions”, 
vol.62. Solubility data series. Oxford UK: Oxford University Press, International Union of 
Pure and Applied Chemistry; 1996. 


• (Schlumberger, 2021a): www.software.slb.com/products/petrel/petrel-geology-and-
modeling 


• (Schlumberger, 2021b): www.software.slb.com/products/eclipse 


• (Segall and Fitzgerald, 1996): P. Segall and S.D. Fitzgerald, “A note on induced stress in 
hydrocarbon and geothermal reservoirs”, Tectonophysics, 289 (1998) 117 – 128. 


• (Seni et al., 1997): S.J. Seni, T.F. Hentz, W.R. Kaiser, and E.G. Wermund, editors, “Atlas 
of northern Gulf of Mexico gas and oil reservoirs, Volume 1, Miocene and older reservoirs, 
Texas”, University of Texas, Austin, Bureau of Economic Geology, 1997. 


• (Shagiakhmetov and Tarzimanov, 1982): R.A. Shagiakhmetov, and A.A. Tarzimanov, 
1981, SPSTL 200 KHPD 81, 1982. 


• (Shi et al., 2011): J-Q. Shi, Z, Xue and S. Durucan, “Supercritical core flooding and 
imbibition in Tako sandstone – influence of sub-core scale heterogeneity”, Int. J. 
Greenhouse Gas Control, 2011, 5(1), 75 – 87. 


• (Simonson et al., 1994): J.M. Simonson, C.S. Oakes and R.J. Bodnar, “Densities of 
NaCl(aq) to the temperature 523 K at pressures to 40 MPa measured with a new vibrating-
tube densitometer”, Journal of Chemical Thermodynamics, Vol.26, pp 345-359, 1994. 


• (Spiteri and Juanes, 2006): E. J. Spiteri and R. Juanes, “Impact of relative permeability 
hysteresis on the numerical simulation of WAG injection”, J. Pet. Sci., 50(2), 115 – 139. 


• (Spiteri et al., 2005): E. J. Spiteri, R. Juanes, M. J. Blunt and F. M. Orr Jr., “Relative 
permeability hysteresis: Trapping models and applications to geological sequestration”, 
SPE Annual Technical Conference and Exhibition, Dallas, Texas, USA, 2005 (SPE 
96448). 


• (Spiteri et al., 2008): E. J. Spiteri, R. Juanes, M. J. Blunt and F. M. Orr, “A new model of 
trapping and relative permeability hysteresis for all wettability characteristics”, SPE J. 
13(3), 277 – 288. 


• (Suekane et al., 2008): T. Suekane, T. Nobuso, S. Hirai and M. Kiyota, “Geological 
storage of carbon dioxide by residual gas and solubility trapping”, Int. J. Greenhouse Gas 
Control, 2008, 2(1), 58 – 64. 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number: Page 26 of 27 
CONFIDENTIAL BUSINESS INFORMATION 
 
 


• (Sun et al., 2008): H. Sun, R. Feistel, M. Koch and A. Markoe, “New equations for density, 
entropy, heat capacity and potential temperature of a saline thermal fluid”, Deep-Sea 
Research pg. 1304 – 1310. 


• (Swanson et al., 2013): S.M. Swanson, A.W. Karlsen, B.J. Valentine, “Geologic 
Assessment of Undiscovered Oil and Gas Resources – Oligocene Frio and Anahuac 
Formations, United States Gulf of Mexico Coastal Plain and State Waters”, U.S. 
Geological Survey, Open-File report 2013-1257, 2013. 


• (Teeuw, 1971): D. Teeuw, “Prediction of Reservoir Compaction form Laboratory 
Compressibility Data”, SPEJ, (September 1971), 263 – 271.  


• (Teng et al., 1997): H. Teng, A. Yamasaki, M.K. Chun and H. Lee, “Solubility of liquid 
CO2 in water at temperatures from 278 K to 293 K and pressures from 6.44 MPa to 29.49 
MPa and densities of the corresponding aqueous solutions”, Journal of Chemical and 
Engineering data, Vol.29, pp 1301-1310, 1997. 


• (Timmerman, 1982): E. H. Timmerman, “Practical Reservoir Engineering”, Penwell, 
Technology and Engineering, 1982. 


• (Timoshenko and Goodier, 1970): S.P. Timoshenko and J.N. Goodier, “Theory of 
Elasticity”, 3’rd edition, McGraw-Hill International Editions, London, 1970. 


• (Vinsome and Westerveld, 1980): P. K. Vinsome and J. Westerveld, “A simple method 
of predicting cap and base rock heat losses in thermal recovery simulators”, J. Can, Pet. 
Tech, 1980. 


• (Wagner and Pruβ, 2002): W. Wagner and A. Pruβ, “The IAPWS Formulation 1995 for 
the thermodynamic properties of ordinary water substance for general and scientific use”, 
J. Phys. Chem. Ref. Data, Vol.31, No.2, pp 387-535, 2002. 


• (Wallace et al., 2017): K.J. Wallace, C.H. Rhatigan, R.H. Trevino and T.A. Meckel, 
“Estimating CO2 storage in a saline aquifer using 3D flow models, Lower Miocene, Texas 
Gulf of Mexico”, in Geological CO2 Sequestration Atlas of Miocene Strata, Offshore Texas 
State Waters, Bureau of Economic Geology, 2017. 


• (Welge, 1952): H.J. Welge, “A simplified method for computing oil recovery by gas or 
water drive”, Trans AIME, 195, 91-98 (1952). 


• (Wesson and Nicholson, 1987): R. L. Wesson and C. Nicholson, “Zero Cohesion Mohr-
Coulomb failure criterion”, method by E.I. du Pont de Nemours & Co. (1987). 


• (Xu et al., 2004): T. Xu, J.A. Apps and K. Preuss, “Numwerical simulation of CO2 
disposal by mineral trapping in deep aquifers”, Applied Geochemistry, 19 (6); 917. 







Area of Review and Corrective Action Plan for Project Minerva 
Permit Number: Page 27 of 27 
CONFIDENTIAL BUSINESS INFORMATION 
 
 


• (Xu, 2010): T. Xu et al, “Reactive transport modelling to study changes in water 
chemistry induced by CO2 injection at the Frio-I Brine Pilot”, Chemical Geology 2010 
271(3-4): p. 153-164. 


• (Yale et al., 1993): D.P. Yale, G.W. Nabor and J.A. Russell, “Application of variable 
formation compressibility for improved reservoir analysis”, presented at the 58th Annual 
Technical Conference and Exhibition of the Society of Petroleum Engineers, Houston, 
Texas, USA, 3 – 6 October 1993, SPE 26647. 


• (Yang and Aplin, 2007): Y. Yang and A. Aplin, “Permeability and petrophysical 
properties of 30 natural mudstones”, J. Geophys. Res., 112, B03206, doi 
0.1029/2005JB004243. 


• (Zarembo and Fedorov, 1975): V.I. Zarembo and M.K. Fedorov, “Density of sodium 
chloride solutions in the temperature range 25 – 350 oC at pressures up to 100kg/cm2”, 
Journal of Applied Chemistry USSR, 48, 2021 – 2024, 1975. 


• (Zaytsev and Aseyev, 1992): I.D. Zaytsev and G.G. Aseyev, “Properties of aqueous 
solutions of electrolytes”, CRC Press, 1992. 


• (Zeidouni et al., 2009): M. Zeidouni, M. Pooladi-Darvish and D. Keith, “Sensitivity 
analysis of salt precipitation and CO2-brine displacement in saline aquifers”, 2009 SPE 
International Conference on CO2 Capture, Storage and Utilization, San Diego, California, 
USA, 2-4 November 2009, SPE 126690. 


• (Zheng et al., 2019): X. Zheng, Z. Sun, and D. N. Espinoza, “Uniaxial strain unloading 
compressibility of Frio sand: Measures and implications of reservoir pressure management 
for CO2 storage”, 53rd US Rock Mechanics/Geomechanics Symposium, New York, NY, 
USA, 23-26 June 2019. 


• (Zimmerman, 1990): R.W. Zimmerman, “Compressibility of sandstones”, Developments 
in Petroleum Science 29”, Elsevier, 1990 


• (Zobeck, 1980): M.L. Zobeck and M. Zobeck, “State of stress in conterminous United 
States”, Journal of Geophysical Research, v.85, p6113-6156. 


• (Zuo et al., 2012): L. Zuo, S. Krevor, R. W. Falta and S. M. Benson, “An experimental 
study of CO2 exsolution and relative permeability measurements during CO2 
depressurization”, Transp. Por. Media, 2012, 91, 459 – 478.  


 
 












ENVIRONMENTAL PROTECTION AGENCY (“EPA”) 
UNDERGROUND INJECTION CONTROL PROGRAM 


CLASS VI PERMIT (40 CFR SUBPART H § 146.81- 146.95)  


GULF COAST SEQUESTRATION LLC 
PROJECT MINERVA 
 


Pursuant to 40 CFR Subpart H § 146.84, this section of the Project Minerva Class VI Permit related to the 
Area of Review and Corrective Action Plan is being submitted to Ken Johnson, Regional Director Region 
VI of the EPA, as Confidential Business Information.  








ENVIRONMENTAL PROTECTION AGENCY (“EPA”) 
UNDERGROUND INJECTION CONTROL PROGRAM 


CLASS VI PERMIT (40 CFR SUBPART H § 146.81- 146.95)  


GULF COAST SEQUESTRATION LLC 
PROJECT MINERVA 
 


Pursuant to 40 CFR Subpart H § 146.84, this section of the Project Minerva Class VI Permit related to the 
Area of Review and Corrective Action Plan is being submitted to Ken Johnson, Regional Director Region 
VI of the EPA, as Confidential Business Information.  








ENVIRONMENTAL PROTECTION AGENCY (“EPA”) 
UNDERGROUND INJECTION CONTROL PROGRAM 


CLASS VI PERMIT (40 CFR SUBPART H § 146.81- 146.95)  


GULF COAST SEQUESTRATION LLC 
PROJECT MINERVA 
 


Pursuant to 40 CFR Subpart H § 146.84, this section of the Project Minerva Class VI Permit related to the 
Area of Review and Corrective Action Plan is being submitted to Ken Johnson, Regional Director Region 
VI of the EPA, as Confidential Business Information.  








ENVIRONMENTAL PROTECTION AGENCY (“EPA”) 
UNDERGROUND INJECTION CONTROL PROGRAM 


CLASS VI PERMIT (40 CFR SUBPART H § 146.81- 146.95)  


GULF COAST SEQUESTRATION LLC 
PROJECT MINERVA 
 


Pursuant to 40 CFR Subpart H § 146.84, this section of the Project Minerva Class VI Permit related to the 
Area of Review and Corrective Action Plan is being submitted to Ken Johnson, Regional Director Region 
VI of the EPA, as Confidential Business Information.  








ENVIRONMENTAL PROTECTION AGENCY (“EPA”) 
UNDERGROUND INJECTION CONTROL PROGRAM 


CLASS VI PERMIT (40 CFR SUBPART H § 146.81- 146.95)  


GULF COAST SEQUESTRATION LLC 
PROJECT MINERVA 
 


Pursuant to 40 CFR Subpart H § 146.84, this section of the Project Minerva Class VI Permit related to the 
Area of Review and Corrective Action Plan is being submitted to Ken Johnson, Regional Director Region 
VI of the EPA, as Confidential Business Information.  








ENVIRONMENTAL PROTECTION AGENCY (“EPA”) 
UNDERGROUND INJECTION CONTROL PROGRAM 


CLASS VI PERMIT (40 CFR SUBPART H § 146.81- 146.95)  


GULF COAST SEQUESTRATION LLC 
PROJECT MINERVA 
 


Pursuant to 40 CFR Subpart H § 146.84, this section of the Project Minerva Class VI Permit related to the 
Area of Review and Corrective Action Plan is being submitted to Ken Johnson, Regional Director Region 
VI of the EPA, as Confidential Business Information.  








ENVIRONMENTAL PROTECTION AGENCY (“EPA”) 
UNDERGROUND INJECTION CONTROL PROGRAM 


CLASS VI PERMIT (40 CFR SUBPART H § 146.81- 146.95)  


GULF COAST SEQUESTRATION LLC 
PROJECT MINERVA 
 


Pursuant to 40 CFR Subpart H § 146.84, this section of the Project Minerva Class VI Permit related to the 
Area of Review and Corrective Action Plan is being submitted to Ken Johnson, Regional Director Region 
VI of the EPA, as Confidential Business Information.  








ENVIRONMENTAL PROTECTION AGENCY (“EPA”) 
UNDERGROUND INJECTION CONTROL PROGRAM 


CLASS VI PERMIT (40 CFR SUBPART H § 146.81- 146.95)  


GULF COAST SEQUESTRATION LLC 
PROJECT MINERVA 
 


Pursuant to 40 CFR Subpart H § 146.84, this section of the Project Minerva Class VI Permit related to the 
Area of Review and Corrective Action Plan is being submitted to Ken Johnson, Regional Director Region 
VI of the EPA, as Confidential Business Information.  








ENVIRONMENTAL PROTECTION AGENCY (“EPA”) 
UNDERGROUND INJECTION CONTROL PROGRAM 


CLASS VI PERMIT (40 CFR SUBPART H § 146.81- 146.95)  


GULF COAST SEQUESTRATION LLC 
PROJECT MINERVA 
 


Pursuant to 40 CFR Subpart H § 146.84, this section of the Project Minerva Class VI Permit related to the 
Area of Review and Corrective Action Plan is being submitted to Ken Johnson, Regional Director Region 
VI of the EPA, as Confidential Business Information.  








ENVIRONMENTAL PROTECTION AGENCY (“EPA”) 


UNDERGROUND INJECTION CONTROL PROGRAM 


CLASS VI PERMIT (40 CFR SUBPART H § 146.81- 146.95)  


GULF COAST SEQUESTRATION LLC 


PROJECT MINERVA 


 


Pursuant to 40 CFR Subpart H § 146.84, this section of the Project Minerva Class VI Permit related to the 


Area of Review and Corrective Action Plan is being submitted to Ken Johnson, Regional Director Region 


VI of the EPA, as Confidential Business Information.  








ENVIRONMENTAL PROTECTION AGENCY (“EPA”) 


UNDERGROUND INJECTION CONTROL PROGRAM 


CLASS VI PERMIT (40 CFR SUBPART H § 146.81- 146.95)  


GULF COAST SEQUESTRATION LLC 


PROJECT MINERVA 


 


Pursuant to 40 CFR Subpart H § 146.84, this section of the Project Minerva Class VI Permit related to the 


Area of Review and Corrective Action Plan is being submitted to Ken Johnson, Regional Director Region 


VI of the EPA, as Confidential Business Information.  





